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SUMMARY 
A gas sample i s  e x t r a c t e d  i s o k i n e t i c a l l y  from the stack. 

The s u l f u r i c  ac id  m i s t  ( i nc lud ing  s u l f u r  t r i o x i d e ,  o r  SO3)  2nd 
t h e  SO2 a r e  separa ted ,  and both  f r a c t i o n s  a r e  measured separ- 
a t e l y  by t h e  barium-thorin t i t r a t i o n  method. T h e  barium ions 
r e a c t  p r e f e r e n t i a l l y  with s u l f a t e  ions  i n  s o l u t i o n  t o  form a 
highly in so lub le  barium s u l f a t e  p r e c i p i t a t e .  When the barium 
has r eac t ed  with a l l  s u l f a t e  i ons ,  t h e  excess b a r i q  reac ts  
with t h e  t h o r i n  i n d i c a t o r  t o  form a metal s a l t  of the 
i n d i c a t o r  and t o  g ive  a c o l o r  change. 

This method is app l i cab le  f o r  t h e  de te rmina t ion  of 
s u l f u r i c  a c i d  m i s t  ( i nc lud ing  SO3) emissions from s t a t i o n a r y  
sources .  Col labora t ive  tests have shown t h a t  the minimum 
de tec t ab le  l i m i t s  of t h e  method are 0.05 mg SO /m3 (0.03 X 

l i m i t s  have been e s t ab l i shed .  Based on t h e o r e t i c a l  calcula-  
t i o n s  f o r  200 ml of  3% hydrogen peroxide s o l u t i o n ,  the upper 
concent ra t ion  l i m i t  i n  a 1.0 m3 (35.3 f t  ) gas sample i s  about 
12 ,500  m g  S02/m (7 .7  x l b / f t 3 ) .  The upper l i m i t  can be 
extended by inc reas ing  t h e  q u a n t i t y  of  peroxide s o l u t i o n  in 
t h e  impingers. 

Poss ib l e  i n t e r f e r e n c e s  with t h i s  method a r e  f l u o r i d e s ,  
free ammonia, and dimethyl a n i l i n e .  If any of t h e s e  i n t e r f e r -  
e n t s  a r e  p r e s e n t  (as determined by knowledge of t h e  p rocess ) ,  
a l t e r n a t i v e  methods s u b j e c t  t o  t h e  approval of the 
admin i s t r a to r ,  U. S. Environmental P ro tec t ion  Agency, a re  
requi red .  For example, i f  free ammonia i s  p r e s e n t ,  white 
p a r t i c u l a t e s  can be seen i n  t h e  probe and i n  the  isopropanol 
impinger . 

Filterable p a r t i c u l a t e  mat te r  may be  determined along 
with SO3 and SO2 ( s u b j e c t  t o  t h e  approval of t h e  adminis t ra-  
t o r ) ;  however, t h e  procedure used fo r  p a r t i c u l a t e  matter must 

'I 

lom7 l b / f t3 )  and 1 . 2  mg S02/m3 (0.74 x l b / f t  2 ). N o  upper 

3 
3 
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be consistent with the specifications and procedures given in 
Method 5. 

The Method 8 description which follows is based on the 
Reference Method that was promulgated on August 18, 1977. A 

complete copy of the Reference Method is in Section 3.7.10. 
Data forms are provided in Subsection 12 for the convenience 
of the Handbook user. 

Reference 1 was used extensively in preparing the method 
description. References 2 and 3 are the collaborative test 
studies of this method and other related methods; data from 
these test studies were used in establishing quality control 
limits. References 4 and 5 were used extensively in those 
sections which include the description, calibration, and 
maintenance of the sampling train. All references are listed 
in Section 3.7.11. 

A collaborative test program was conducted at a sulfuric 
acid (H2S04) plant to determine the accuracy of Method 8. Six 
laboratories simultaneously sampled the same stack, using two 
Method 8 sampling trains per laboratory. The collaborative 
test determined that the repeatability (within-laboratory 
precision) of the method was 7.19 mg H,S0,/m3 and 22.30 mg 
S02/m and that reproducibility (between-laboratory precision) 
of the method was 8.03 mg HzS04/m3 and 31.10 mg S02/m . 

3 

3 6  
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METHOD HIGHLIGHTS 
Specifications described in Section 3 . 7  are for 

sampling and analysis of sulfuric acid mist (including 
sulfur trioxide) and sulfur dioxide emissions from 
stationary sources. The sampling system consists of the EPA 
Method 5 sampling train modified by placing the filter 
(unheated) between the first and second impingers. 
Filterable particulate matter may be determined along with 
SO3 and SO2 (subject to the approval of the administrator); 
however, the procedure used for particulate matter must be 
consistent with the specifications and procedures given in 
Method 5. 

The results of collaborative tests have shown that the 
overall precision of the test method is good if sound 
quality assurance procedures are applied. On the basis of 
these results these procedures are recommended: 

1. On-site checks of the orifice and dry gas meter 
calibration coefficients of all control consoles with a dry 
gas meter that has been calibrated with a spirometer. 

2. Certification that all reagent isopropyl alcohol 
is peroxide-free prior to the test. 

3 .  Leak checks are performed at the beginning and at 
the end of each sampling run before and after every port 
change. Care should be taken to be sure that the sulfur 
dioxide absorbing reagent, hydrogen peroxide, does not 
contact the filter when the leak check is conducted; if 
peroxide does contact the filter, the filter should be 
replaced before sampling is continued. 

The five blank data forms at the end of the highlights 
may be removed from the Handbook and used in the pretest, 
test, and posttest operations. Each form has a subtitle 
(e.g., Method 8, Figure 3.1) for helping the user find a 
similar filled-in form in the method description (e-g., in 
Section 3.7.3). On the blank and filled-in forms, the 
items/parameters that can cause the most significant errors 
are starred. 
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1. Procurement of Equipment 
Section 3.7.1 (Procurement of Apparatus and Supplies) 

gives the specifications, criteria, and design features for 
equipment and materials required for performing Method 8 

tests. The sampling apparatus has the same design criteria as 
Method 5, with the exception of the filter-impinger 
arrangement. This section is designed as a guide in the 
procurement and initial check of equipment and supplies. The 
activity matrix (Table 1.1) at the end of Section 3.7.1 can be 
used as a quick reference; it follows the same order as the 
written descriptions in the main text. 
2. Pretest Preparations 

Section 3.7.2 (Calibration of Apparatus) provides a 
step-by-step description of the required calibration 
procedures. The calibration of the Method 8 equipment is 
similar to that of Method 5, with the exception that the 
Method 8 sampling rate is not to exceed 28.3 !2/min (1 scfm), 
and the stack thermometer need not be calibrated at the higher 
temperatures if the equipment is used to measure acid plant 
emissions only. The calibration section can be removed and 
compiled, along with calibration sections from all other 
methods, into a separate quality assurance refererrce manual 
for use by calibration personnel. A pretest checklist 
(Figure 2.5 of Section 3.7.2) or similar form should be used to 
summarize the calibration data. 

Section 3.7.3 (Presampling Operations) provides the 
tester with a guide for supplies and equipment preparation for 
field tests. Sample impingers may be charged in the base 
laboratory if testing is to be performed within 24 h of 
charging. The pretest preparation form (Figure 3.1 of Section 
3.7.3) can be used as an equipment checkout and packing list. 
The method for packing and the descriptions of the packing 
containers should help protect the equipment, but are not 
required. 
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3. On-Site Measurements 
Section 3.7.4 (On-Site Measurements) contains a 

step-by-step procedure for performing sampling and sample 
recovery. Testing is performed isokinetically and similarly 
to Method 5 ,  w i t h  the exception that the sample rate is not to 
exceed 1 ft3/min. The most common error results when hydrogen 
peroxide solution is allowed to backup, wet the filter, and 
enter the isopropanol impinger. Also precautions must be 
taken to ensure that the isopropanol does not have hydrogen 
peroxide impurities and that the same pipette or graduated 1 

cylinder is not used to charge both isopropanol and hydrogen 
peroxide. The on-site measurement checklist (Figure 4.4 of 
Section 3.7.4) is provided to assist the tester with a quick 
method of checking requirements. 
4. Posttest Operations 

Section 3.7.5 (Postsampling operations) gives the post- 
test equipment check procedures and a step-by-step analytical 
procedure. Figure 5.1 (Section 3.7.5) or a similar form 
should be used to summarize the posttest calibration checks 
and should be included in the emission test report. The 
posttest operation form (Figure 5.4 of Section 3.7.5) will 
provide the tester and laboratory personnel with key parame- 
ters to be checked. The step-by-step analytical procedure de- 
scription can be removed and made into a separate quality as- 
surance analytical reference manual for laboratory personnel. 
Analysis of a control sample is required prior to the analysis 
of the field samples. This analysis of an independently pre- 
pared known standard will provide the laboratory with a qual- 
ity control check on the accuracy and precision of the analyt- 
ical techniques. 

Section 3.7.6 (Calculations) provides the tester with the 
required equations, the nomenclature, and the suggested number 
of significant d i g i t s .  It is suggested that a programmed 
calculator be used if available to reduce the chance of 
calculation error. 
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Section 3.7.7 (Maintenance) provides the tester with a 
Thi6 program is not guide for a routine maintenance program. 

required, but should reduce equipment malfunctions. 
5. Auditing Procedure 

Section 3.7.8 (Auditing Procedure) provides a 
description of necessary activities for conducting performance 
and system audits. The performance audit of the analytical 
phase can be conducted using an aqueous ammonium sulfate 
solution. Performance audits for the analytical phase and the 
data processing are described in Section 3.7.8. A checklist 
for a systems audit is also  included in this section. 

Section 3.7.9 (Recommended Standards for Establishing 
Traceability) recommends the primary standards to which the 
working standards should be traceable. 
6. References 

and the suggested references. 
Sections 3.7.10 and 3.7.11 contain the Reference Method 
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PRETEST SAMPLING CHECKS 
(Method 8 ,  Figure 2.5) 

Date Calibrated by 

Meter box number AH@ 

Dry Gas Meter* 

Pretest calibration factor = 
factor for each calibration run). 

(within f2% of the average 

Impinqer Thermometer 

Was a pretest temperature correction used? yes n o .  
If yes, temperature correction 
ference values for calibration and within f2OC (4OF) of re- 
ference values for calibration check). 

(within fl°C (2OF) of re- 

Dry Gas Meter Thermometer 

Was a pretest temperature correction made? y e s  -no. 
If yes, temperature correction (within f 3 O C  (5.4OF) of re- 
ference values for calibration and 6OC (10.8OF) of reference 
values for calibration check). 

Barometer - 
no - Was the pretest field barometer reading correct? 

(within f2.5 mm (0.1 in) Hg of mercury-in-glass barometer). 
yes 

* 
Most significant items/parameters to be checked. 



Apparatus check 

Probe- 
Type g l a s s  l iner  

Boros i l i ca t e  - 
Quartz 

Heated 
Leak checked 

Nozzle 
G l a s s  

S t a in l e s s  steel  - 
Other 

P i t o t  Tube 
Types  
Other 
Properly a t -  

tached 
Modifications 

D i f f e r e n t i a l  
P res su re  Gauge 
Inc l ined  manome- 

t e r  
O t h e r  

F i l t e r  Holder 
Boros i l i ca t e  g l a s s  
Glass fr i t  
Gasket 

S i l i cone  
Teflon 
V i  ton  
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PRETEST PREPARATIONS 
(Method 8 ,  Figure 3.1) 

.able 
No 

Quantity 
required 

Rea  
Yes 

Y 
No 

Loaded 
and packed 

(cont inued)  
... 



Apparatus check 

Condenser 
Impingers 
Greenburg-Smith 
Modified Green- 

burg-Smith 

Impinqer Temper- 
a ture  Sensor 
Thermometer 
O t h e r  
Calibrated 

O t h e r  

Barometer 
Mercury 
Aneroid 
O t h e r  

Calibrated* - 
Stack Temperature 
Sensor 
T y p e  
Calibrated* 

R e  agents 
D i s t i l l e d  water 
Hydrogen perox- 

ide (30%) 
Isopropanol (80%) 

(checked f o r  
peroxides) 

S i l i c a  gel 

Pump leak free* 
O r i f i c e  meter* 

Acceptable Quantity 
Yes No required 
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Most s ign i f i can t  items/parameters t o  be checked. 
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ON-SITE MEASUREMENTS 
(Method 8 ,  Figure 4.4) 

Samplinq 

Impingers properly assembled? 
Contents:* 1st 

2nd 
3rd 
4 t h  

Cooling system 
F i l t e r  between 1st and 2nd impinger? 
Proper connections? 
S i l i cone  grease added t o  a l l  ground-glass j o i n t s ?  
Pretest leak check? (op t iona l )  Leakage? 
P i t o t  tube l ines  checked f o r  plugging o r  leaks?" 
Meter box leve led?  Pe r iod ica l ly?  
Manometers zeroed?" 
Heat uniform along l eng th  of probe?* 
AH@ from most recent c a l i b r a t i o n  
Nomograph set  up properly? 
Care taken t o  avoid scrap ing  sample p o r t  o r  s t ack  wal l?  

~ 

Seal around in-s tack  probe e f f ec t ive?  
Probe moved a t  proper time? 
Nozzle and P i t o t  tube p a r a l l e l  t o  s t a c k  wall  a t  a l l  times? 

Data forms complete and da ta  properly recorded? 
Nomograph s e t t i n g  changed when s t ack  temperature changes 

s i g n i f i c a n t l y ? -  
Veloci ty  pressures  and o r i f i c e  pressure  readings recorded 

accura te ly?  
P o s t t e s t  l eak  check performed?* (mandatory) 
Leakage r a t e *  

- ~ 

Sampling Recovery 

System purged a t  l eas t  15 min a t  test  sampling r a t e?*  
F i l t e r  placed i n  1 s t  impinger contents?  
Ice  removed before  purging? 
Contents of  impingers placed i n  polyethylene b o t t l e s ?  
G l a s s w a r e  r i n sed  with d i s t i l l e d  water? 
F lu id  level marked?* 
Sample conta iners  sea led  and iden t i f i ed?*  
Blanks obtained?* 

* Most s i g n i f i c a n t  items/parameters t o  be checked. 
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POSTTEST SAMPLING CHECKS 
(Method 8, Figure 5.1) 

Meter Box Number 

Dry Gas Meter 

Pretest calibration factor Y = 

If yes, recalibration factor Y = 
Lower calibration factor, Y = 

( Posttest check Y = Y =  3es no Recalibration rehuired? - 
fo r  

calculations 

+5% of pretest 

(within +2% of 
' pretest-or pos 

- factor)* 

average ) 
ttest 

Dry Gas Meter Thermometer 

Was a pretest meter temperature correction used? - yes - no If yes, temperature correction 
Posttest comparison with mercury-in-glass thermometer 

(within +6OC (10.8OF) of reference values) 
Recalibration requzred? yes no Recalibration temperature correction, if used 

If yes, no correction is needed whenever meter thermometer 

If recalibration temperature is higher, add correction to 

Barometer 

(within + 3 O C  - 
(5.4OF) of reference values) 

temperature is higher 

average meter temperature for calculations 

Was pretest field barometer reading correct? Yes 
Posttest comparison mm (in.) Hg (within f5.0 mm (0. 
Hg of mercury-in-glass barometer) 

Was recalibration required? yes no If yes, no correction is needed whenever the field baromete 
has the lower reading 

If the mercury-in-glass reading is lower, subtract the dif- 
ference from the field data readings for the calculations 

no 
2 

I 

in. ) 

*Most significant items/parameters to be checked. 



Section No. 3 . 7  
Revision No. 0 
Date May 1, 1979 
Page 13 of 13 

POSTTEST OPERATIONS 
(Method 8 ,  Figure 5.4) 

Reagents 

Normality of sulfuric acid standard* 
Date of purchase Date standardized 
Normality of barium perchlorate titrant" 
Date standardized 
Normality of control sample* 
Date prepared 
Volume of burette* Graduations 

Sample Preparation 

H a s  liquid level noticeably changed? 
Original volume Corrected volume 
Sulfuric acid samples diluted to 250 ml?* 
Sulfur dioxide samples diluted to 1000 ml?* 

Analysis 

Aliquot analyzed* 
Do replicate titrant volumes agree within 1% or 0.2 ml? - 

Are replicate control samples within 0.2 ml? 
Is accuracy of control sample analysis - +lo%?* 
All data recorded? Reviewed 

Number of control samples analyzed -. 

* 
Most significant items/parameters to be checked. 
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES 
A schematic of the sampling train used in Method 8 is 

shown in Figure 1.1. It is similar to the Method 5 train, but 
the filter position is different and the filter holder does 
not have to be heated. Commercial models of this train are 
available. For those who desire to build their own, complete 
construction details are described in APTD-0581. Changes 
from the APTD-0581 document and allowable modifications to 
Figure 1.1 are discussed in the following subsections. 

The operating and maintenance procedures for the sampling 
train are described in APTD-0576. Since correct usage is 
important in obtaining valid results, all users should read 
the APTD-0576 document and adopt the operating and maintenance 
procedures therein, unless otherwise specified. Further 
details and guidelines on operation and maintenance in Method 
5 should be read and followed whenever they are applicable. 
Maintenance of equipment is also covered in Section 3.7.7. 

Specifications, criteria, and/or design features as 
applicable, are given in this section to aid in the selection 
of equipmentto ensure the collection of data of good quality. 
Procedures and, where applicable, limits for acceptance checks 
are given. During the procurement of equipment and supplies, 
it is suggested that a procurement log (Figure 1.2) be used to 
record the descriptive title of the equipment; the 
identification number, if applicable; and the results of 
acceptance checks. Also, if calibration is required as part 
of the acceptance check, the data are to be recorded in the 
calibration log book, Table 1.1 at the end of this section 
contains a summary of the quality assurance activities for 
procurement and acceptance of apparatus and supplies. 



Sect ion N o .  3.7.1 
Revision N o .  0 
Date May 1, 1979 
Page 2 of 13 

Figure 1.1. Schematic of Method 8 sampling train. 
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Determination of filterable particulate matter 
simultaneously with sulfuric acid mist (and with SOg and SO2) 

will not be discussed in this subsection. 
1.1 Samplinq 
1.1.1 Probe Liner - Borosilicate or quartz glass tubing 
equipped with a heating system capable of preventing visible 
condensation during sampling should be protected with an outer 
sheath of stainless steel. Borosilicate or quartz probe 
liners can be used for stack temperatures up to about 48OoC 

( 900°F) - Quartz liners should be used for high-temperature 
probes for stacks with temperatures between 480° and 900°C 
(900' and 1650'F). Both types of liners may be used at 
temperatures higher than specified for short periods of time, 
subject to the approval of the administrator. Metal probe 
liners may not be used because of the requirement that the 
liner material must not react with the gas constituents. 

Upon receiving a new probe, it should be visually checked 
for the length and composition ordered and for breaks or 
cracks and then leak checked on a sampling train as shown in 
Figure 1.1. Also the probe heating system should be checked 
as follows: 

1. Connect the probe with a nozzle attached to the 
inlet of the pump. 

2. Electrically connect and turn on the probe heater 
for 2 or 3 min. It should become warm to the touch. 

3 .  Start the pump and adjust the needle valve until a 
flow rate of about 0.02 m /min (0.75 ft /min) is achieved. 

4. 
The heater should be capable of maintaining the exit air at a 
minimum of 100°C (212OF) under these conditions. If it cannot, 
the probe should be repaired, returned to the supplier, OK 
rejected, 

3 3 

Check the probe. It should remain warm to the touch. 
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1.1.2 Probe Nozzle - Same as Method 5, Section 3.4.2. 
1.1.3 Pitot Tube - Same as Method 5, Section 3.4.2. 
1.1.4 Differential Pressure Gauge - Same as Method 5, 
Section 3.4.2. 
1.1.5 Filter Holder - A borosilicate glass filter holder with 
a glass frit filter support and a silicone rubber gasket is 
required by the Reference Method. Other gasket materials 
(e.g., Teflon or Viton) may be used, subject to the approval 
of the administrator. The holder design must provide a 
positive seal against leakage from the outside or around the 
filter. A filter holder should be durable, easy to load, and 
leak free in normal applications. The filter holder is placed 
between the first and second impingers, and the filter is 
located toward the direction of flow. Do not heat the filter 
holder. 
1.1.6 Impinqers - Four impingers are required, as shown in 
Figure 1.1. The first and third impinger must be of the 
Greenburg-Smith design with standard tips. The second and 
fourth should be of the Greenburg-Smith design, but modified 
by replacing the insert with an approximately 13-mm (0.5-in.) 
inside diameter (ID) glass tube having an unconstricted tip 
located 13 mm ( 0 . 5  in.) from the bottom of the flask. 
Connections between impingers should be of glass. (Plastic or 
rubber tubing is not permitted because of absorption and 
desorption of gaseous species. ) Silicone grease may be used, 
if necessary, to prevent leakage. 

Upon receipt of a new Greenburg-Smith impinger, fill the 
inner impinger tube with water. If the water does not drain 
through orifice within 6 to 8 s ,  the impinger tip should be 
replaced or enlarged to prevent an excessive pressure drop in 
the sampling system. Each impinger is checked visually for 
damages such as breaks or cracks and for manufacturing f l a w s  
such as poorly shaped connections. 
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Collection absorbers and flow rates other than the 
specifed ones may be used subject to the approval of the 
administrator. The collection efficiency must, however, be 
shown to be at least 99% for each test run to obtain approval 
and must be documented in the emission test report. If the 
efficiency is found to be acceptable after a series of three 
tests, further documentation is not required. To conduct the 
efficiency test, extra absorbers must be added for the 
sulfuric acid mist and the SO2, and then each must be analyzed 
separately. These extra absorbers must not contain more than 
1% of the total H2S04 or SO2. 
1.1.7 Metering System - Same as Method 5, Section 3.4.1. 
1.1.8 Barometer - Same as Method 5, Section 3.4.1. 
1.1.9 Gas Density Determination Equipment - Same as Method 5, 
Section 3.4.1. 
1.1.10 Temperature Gauqe - Same as Method 5, Section’3.4.1. 
1.2 Sample Recovery Apparatus 
1.2.1 Wash Bottles - Two 500-ml polyethylene or glass wash 
bottles are needed for quantitative recovery of collected 
samples. 
1.2.2 Storage Bottles - Two 1000-ml polyethylene bottles are 
required for each sample run, plus one 100-ml polyethylene 
bottle to retain a blank for each absorbing solution used in 
testing. Visually check wash bottles and/or storage bottles 
for damage. Also check each storage bottle seal to prevent 
sample leakage during transport. 
1.2.3 Graduated Cylinders - One 250-ml and one 1000-ml glass 
graduated cylinder (Class A )  or volumetric flasks are needed 
to measure the impinger contents. 
1.2.4 Trip Balance - A trip balance with a 500-g capacity and 
an accuracy of - +0.5 g is needed to weigh the silica gel, only 
if a moisture content analysis 
determination has to be performed 
considered dry. Check the trip 

is to be done. A moisture 
unless the gas stream can be 
balance by using a range of 
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standard weights, and adjust or return to supplier if neces- 
sary. 
1.3 Analysis Glassware 
1.3.1 Pipettes - Several volumetric pipettes (Class A), 
including 5-, lo-, 20-, 25-, and 100-ml sizes, should be 
available for the analysis. 
1.3.2 Volumetric Flasks - Volumetric flasks (Class A )  are 
required, and should include 50-, loo-, and 1000-ml sizes. 
1.3.3 Burette - A 50-ml burette (Class A )  is required for all 
titrations. 
1.3.4 Erlenmeyer Flasks - One 250-ml Erlenmeyer flask is 
required for each sample, blank, standard, and control sample. 
1.3.5 Dropping Bottle - One 125-ml glass dropping bottle is 
needed to prepare the thorin indicator. 
1.3.6 Graduated Cylinder - A 100-ml glass graduated cylinder 
(Class A )  is needed in the preparation of the thorin indicator 
and the sample. Check all glassware for cracks, breaks, and 
discernible manufacturing flaws. 
1.3.7 Trip Balance - Same as Subsection 1.2.4. 
1.4 Reagents 

Unless otherwise indicated, all reagents should conform 
to the specifications established by the Committee on 
Analytical Reagents of the American Chemical Society (ACS), 
when such specifications are available; otherwise use best 
available grade. 
1.4.1 Sampling - The following are required for sampling: 

Filters - Same as Method 5, Section 3.4.1. 
Silica Gel - Same as Method 5, Section 3.4.1. 
Water - Deionized distilled water to conform to ASTM 

specification D1193-74, Type 3. At the option of the analyst, 
the potassium permanganate (KMn04) test for oxidizable organic 
matter may be omitted when high concentrations of organic 
matter are not expected to be present. 
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Isopropanol, 80% - Mix 800 ml of reagent grade or 
certified ACS isopropanol with 200 ml of deionized distilled 
water. Check each lot of isopropanol for peroxide (H202) 
impurities as follows: 

1. Shake 10 ml of isopropanol with 10 ml of freshly 
prepared 10% potassium iodide (KI) solution. 

2. Prepare a blank by similarly treating 10 ml of 
deionized distilled water. 

3 .  After 1 min, read the absorbance of the alcohol 
sample at 352 nm on a spectrophotometer; if the absorbance 
exceeds 0.1, reject the isopropanol. 

Peroxides may be removed from isopropanol by redistilling 
o r  by passing the mixture through a column of activated 
alumina; after peroxides are removed, check for peroxide 
impurities using the same method as above. However, reagent 
grade isopropanol with suitably low peroxide levels may be 
obtained from commercial sources. Therefore, rejection of 
contaminated lots may be a more efficient procedure. 

Potassium iodide solution, 10% - Dissolve 10.0 g of 
reagent grade or certified ACS KI in deionized distilled 
water, and dilute to 100 ml. Prepare when needed. This 
solution is used to check f o r  peroxide impurities in the 
isopropanol only. 

Hydrogen peroxide, 3% - Dilute 30% reagent grade or 
certified ACS H202 1:9 (v/v) with deionized distilled water. 
Prepare fresh daily. 
1.4.2 Sample Recovery - The following are required for sample 
recovery : 

Water - Deionized distilled water, as in Subsection 1.4.1 
above. 

Isopropanol 100% - See Subsection 1.4.1. 
1.4.3 Analysis - The following are required for sample 
analysis. 

Water - Use deionized distilled water as described in 
Subsection 1.4.1. 
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Isopropanol 100% - Use reagent grade or certified ACS iso- 
propanol, and check for peroxide impurities, as in Subsection 
1.4.1 above. 

~-(o-arsonophenylazo)-2-naphthol-3,6-disulfonic acid disodium 
Salt. Dissolve 0.20 g in 100 ml of deionized distilled water. 

Barium perchlorate solution, 0.0100N - Dissolve 1.95 g of 
reagent grade or certified ACS barium perchlorate trihydrate 
(Ba(C104)2 3H20) in 200 ml deionized distilled water, and 
dilute to 1 2 with isopropanol. Alternatively, 1.22 g of 
(BaC12 2H20) may be used. Standardize as in Section 3.7.5. 

Sulfuric acid standard, 0.0100N - Either purchase the 
manufacturer's certified 0.0100N H2S04, or standardize the 
H2S04 to 0.0100N - +0.0002N against 0.0100N reagent grade or 
certified ACS sodium hydroxide (NaOH) that has previously been 
standardized against primary standard grade potassium acid 
phthalate. 
1.5 Analytical Equipment 

for peroxide impurities. 
the spectrophotometer. 

Thorin indicator - Reagent grade or certified ACS 

A spectrophotometer is needed to check the isopropanol 
The absorbance is read at 352 nm on 
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Table 1.1. ACTIVITY MATRIX FOR PROCURE1VIENT OF APPARATUS & SUPPLIES 

Apparatus 

Sampling 

Sampling probe 
wi th  heat ing 
system 

Probe nozzle  

P i t o t  tube 

D i f f e r e n t i a l  
p re s su re  
gauge (man- 
ome t e  r ) 

Vacuum gauge 

Vacuum pump 

(cont inued)  

~~ 

Acceptance l imits  

Capable of 100°C 
(212OF) e x i t  a i r  a t  
flow rate  of 20 !J/min 

S t a i n l e s s  steel (316) ; 
sharp ,  t apered  leading  
edge (angle  <30°); 
d i f f e r e n c e  between 
measured ID'S (0.1 mm 
(0.004 i n . ) ;  n; n i cks ,  
den t s ,  o r  cor ros ion;  
uniquely i d e n t i f i e d  
(Meth. 5 ,  Sec. 3.4.2) 

Type-S (Meth. 2, 
Sec. 3 .1 .2) ;  a t t ached  
t o  probe wi th  impact 
(high p res su re )  opening 
p l ane  even with  o r  abovr 
nozzle  e n t r y  p lane  

C r i t e r i a  i n  Meth. 2,  
Sec. 3.1.2; agree 
wi th in  5% of gauge-oil  
manometer used t o  ca l -  
i b r a t e  

~~ ~ 

0-760 mm Hg range; 
- +25 m (1 in.) Hg 
accuracy a t  380 rmn 
(15 in . )  Hg 

Capable of maintaining 
a f lowgrate  of 0.03- 
0.05 m /min (1-1.7 f t  / 
min) f o r  pump i n l e t  
vacuum of  380 m (15 
i n . )  Hg with pump out- 
l e t  a t  760 mm (29.92 
i n . )  Hg; l eak  free a t  
380 mm (15 i n . )  Hg 

Frequency and method 
o f  measurement 

Vi sua l ly  check; run 
hea t ing  system check- 
ou t  

Visua l ly  check before  
each t es t ;  use a m i -  
crometer t o  measure 
I D  before  f i e l d  use 
a f t e r  each r e p a i r  

C a l i b r a t e  according 
t o  Meth. 2 ,  Sec. 3.1.: 

Check a g a i n s t  gauge- 
o i l  manometer a t  a 
ninimum of three 
points :  [0.64(0.025), 
12.7(0.5), 25.4(1.0)] 
nm ( i n . )  H20 

Check a g a i n s t  a mer- 
cury U-tube manometer 
upon r e c e i p t  

:heck upon r e c e i p t  
€or leaks  and capac- 
i t y  

~ ~ 

Action i f  
requirements 
a r e  no t  m e t  

Repair ,  re- 
t u r n  t o  sup- 
p l i e r ,  o r  re- 
j e c t  

Reshape and 
sharpen, re- 
t u r n  t o  the 
s u p p l i e r ,  o r  
reject 

Repair  o r  re- 
t u r n  t o  sup- 
p l i e r  

As above 

Adjust  o r  re- 
t u r n  t o  sup- 
plier 

Repair  o r  re- 
t u r n  t o  sup- 
plier 
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Table 1.1 (continued) 

Apparatus 

Orif ice  meter 

Impingers 

F i l t e r  holder 

F i l t e r s  

~~ 

Dry gas meter 

~ ~~~ 

Wet tes t  meter 

Thermometers 

Acceptance l i m i t s  

AH@ of 46.74 +6.35 mm 
(1.84 20.25 in . )  
(recommended) 

Standard stock g lass ;  
pressure drop across 
impingers not excessive 
(Sec. 3.7.1) 

Leak f r e e  

Glass f ibe r  without or -  
ganic binder designed 
t o  remove 99.95% ( 0 . 0 5 ;  
penetration) of 0.3-p 
d ioc ty l  phthalate  smoke 
pa r t i c l e s  

Capable of measuring 
t o t a l  volume with 
accuracy of +2X a t  
flow r a t e  of- 
0 .02  m'/min 
(0.75 ft3/min) 

Capable of  measuring 
t o t a l  volume with 
accuracy of - +1% 

Within + l 0 C  (2OF) of 
value i n  range of ooc 
t o  25OC (32OF t o  67OF) 
f o r  impinger thermome- 
t e r ;  +3OC (6OF) of t rue  
value-in range of ooc 
t o  90°C (32OF t o  194OF) 
f o r  dry gas meter 
the rmome t e rs 

Frequency and method 
of measurement 

Visually check upon 
receipt  fo r  damage; 
ca l ibra te  against  
w e t  t es t  meter 

Visually check upon 
rece ip t ;  check pres- 
sure drop (Sec. 3.7.1) 

Visually check before 
use 

Manufacturer's guar- 
antee t h a t  f i l t e r s  
meet ASTM standard 
method D2986-71; ob- 
serve under l i g h t  
fo r  defects 

Check f o r  damage upon 
receipt ;  s a l i b r a t e  
against  w e t  test 
meter (Sec. 3.7,2) 

Upon assembly, leak 
check a l l  connections 
and check ca l ibra t ion  
by a l iqu id  displace- 
ment method 

Check each thermome- 
ter upon rece ip t  fo r  
damage--i.e., dents 
o r  bent stem; cal-  
ib ra te  (Sec. 3.7.2) 

Action i f  
requirements 
a re  not met 

Repair, i f  
possible;  
otherwise, 
re turn t o  
suppl ier  

Return t o  
suppl ier  

As above 

Return t o  
suppl ier  and 
replace 

Reject i f  
damaged, be- 
haves e r r a t i -  
ca l ly ,  o r  can- 
not be pro- 
per ly  adjusted 

A s  above 

Reject i f  
unable t o  
ca l ib ra t e  

(continued) 



Section No. 3.7.1 
Revision No. 0 
Date May 1, 1979 
Page 12 of 13 

Table 1.1 (continued) 
-~ ~ 

Apparatus 
- 

Barometer 

Sample Recovery 

Wash b o t t l e s  

Storage b o t t l e s  

Graduated cyl-  
inders  

~ ~ 

Trip balance 

Analysis Glass- 
ware - 
P i p e t t e s ,  volu- 

metric f l a s k s  
b u r e t t e ,  and 
graduated 
cy l inder  

~ 

Reagents 

D i s t i l l e d  water 

Acceptance l i m i t s  

Capable of measuring 
atmospheric pressure  
t o  wi th in  2.5 mm 
(0 .1  i n . )  Hg 

Polyethylene o r  g l a s s ,  
500 m l  

~ ~~~ ~~ ~~~ 

Polyethylene,  1000 m l  
and 100 ml 

Glass (Class A ) ,  250 
m l  and 1000 m l  

500-g capaci ty ,  +0.5 g; 
needed t o  weigh s i l i c a  
g e l  only i f  moisture 
measurement des i r ed  

Glass (Class A) 

ASTM-D1193-74, Type 3 

Frequency and method 
of measurement 

Check aga ins t  a mer- 
cury-in-glass barome- 
t e r  o r  equiva len t ;  
c a l i b r a t e  (Sec. 
3.7.2) 

Visual ly  check f o r  
damage upon r e c e i p t  

Visua l ly  check f o r  
damage upon r e c e i p t ;  
be su re  caps make 
proper s e a l s  

Visua l ly  check upon 
r e c e i p t  

Check with s tandard 
weights up t o  500 g 

Upon r e c e i p t ,  check 
f o r  s tock  number, 
cracks,  breaks,  and 
manufacturer 's  f laws 

Check each l o t  o r  
spec i fy  type when 
order ing 

Action i f  
requirements 
a r e  not m e t  

Determine cor- 
r ec t ion  f a c t o r ,  
o r  r e j e c t  i f  
d i f f e rence  i n  
t h e  readings 
exceeds +2.5 
mm (0.1 in.) 
Hg 

Replace o r  
r e t u r n  t o  
supp 1 i e  r 

As above 

As above 

Adjust  o r  
r e tu rn  t o  
supp 1 i e r 

A s  above 

As above 

(continued) 
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prev ious ly  s tandard-  
ized  a g a i n s t  potassium 
a c i d  p h t h a l a t e  ( p r i -  
mary s tandard  grade)  
- 

Table 1.1 (cont inued)  

- 

Apparatus 

Isopropanol  

Hydrogen perox- 
i d e  

Potassium 
iod ide  

Thorin ind ica-  
t o r  

Barium pe rch lo r -  
a t e  t r i  hyd r a  t L 

s o l u t i o n  

S u l f u r i c  a c i d  
s o l u t i o n  

Acceptance l i m i t s  

100% isopropanol  , re- 
agent  grade o r  c e r t i f i e l  
ACS wi th  no peroxide 
impur i t i e s ;  absorbance 
- cO.1 a t  352 nm on spec- 
trophotometer 

30% H202, reagent  grade 
o r  c e r t i f i e d  ACS 

K I  reagent  grade o r  
c e r t i f i e d  ACS 

1-(0-arsonopheny1azo)- 
2-naphthol-3,6 d i s u l -  
f o n i c  a c i d  disodium 
s a l t ,  reagent  grade o r  
c e r t i f i e d  ACS 

Ba(C104)2.3H20, re -  
agent  grade o r  
C e r t i f i e d  ACS 

H 2 S 0 4 ,  0.0100N - +0.0002N 

Action i f  
Frequency and method requirements 

of measurement a r e  no t  met 

Upon r e c e i p t ,  check R e d i s t i l l ,  
each l o t  f o r  peroxide pass  through 
impur i t i e s  wi th  a alumina column, 
spectrophotometer o r  r ep lace  

Upon r e c e i p t ,  check Replace o r  
l a b e l  f o r  grade o r  r e t u r n  t o  
c e r t i f i c a t i o n  

A s  above A s  above 

Upon r e c e i p t ,  check A s  above 
l a b e l  f o r  grade o r  
c e r t i f i c a t i o n  

A s  above A s  above 
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2.0 CALIBRATION OF APPARATUS 
Calibration of the apparatus is one of the most important 

functions in maintaining data quality. The detailed calibra- 
tion procedures included in this section are designed for the 
equipment specified by Method 8 and described in the previous 
section. A laboratory log book of all calibrations must be 
maintained. Table 2.1 at the end of this section summarizes 
the quality assurance functions for calibration. 
2.1 Metering System 
2.1.1 Wet Test Meter - Wet test meters are calibrated by the 
manufacturer to an accuracy of 50.5%. The calibration of the 
wet test meter must be checked initially upon receipt and 
yearly thereafter. A wet test meter with a capacity of 3.4 
m /h (120 ft /h) will be necessary to calibrate the dry gas 
meter. For large wet test meters (>3R/rev), there is no 
convenient method to check the calibration. For this reason, 
several methods are suggested, and other methods may be 
approved by the administrator. The initial calibration may be 
checked by any of the following methods: 

1. Certification from the manufacturer that the wet 
test meter is within - +1% of true value at the wet test meter 
discharge, so that only a leak check of the system is then 
required. Determine from manufacturer if the air entering the 
wet test meter should be saturated. 

2. Calibration by any primary air or liquid 
displacement method that displaces at least one complete 
revolution of the wet test meter. 

Comparison against a smaller wet test meter that has 
previously been calibrated against a primary air or liquid 
displacement method, as described in Section 3.5.2. 

3 3 

3. 



Section No. 3.7.2 
Revision No. 0 
Date May 1, 1979 
Page 2 of 20 

4 .  Comparison against a dry gas meter that has pre- 
viously been calibrated against a primary air or liquid 
displacement method. 

The calibration of the test meter should be checked 
annually. The calibration check can be made by the same 
method as that of the original calibration, with the  exception 
that the comparison method need not be recalibrated if the 
calibration check is within - +1% of the true value. When this 
agreement is not obtained, then t h e  comparison method or wet 
test meter must be recalibrated against a primary air or 
liquid displacement method. 
2.1.2 Sample Meter System - The sample meter system-consist- 
ing of the pump, vacuum gauge, valves, orifice meter, and dry 
gas meter-is initially calibrated by stringent laboratory 
methods before it is used in the field. After the initial 
acceptance, the calibration is rechecked after each field test 
series. This recheck is designed to provide the tester with a 
method that can be used more often and with less effort to 
ensure that the calibration has not changed. When the quick 
check indicates that the calibration factor has changed, the 
tester must again use the complete laboratory procedure to 
obtain the new calibration factor. After recalibration, the 
metered sample volume must be multiplied by either the initial 
or the recalibrated calibration factor-that is, the one that 
yields the lower gas volume for each test run. 

Before initial calibration of the metering system, a leak 
check should be conducted. The meter system should be leak 
free. Both positive (pressure) and negative (vacuum) leak 
checks should be performed. Following is a pressure 
leak-check procedure that will check the metering system from 
the quick disconnect inlet to the orifice outlet and will 
check the orifice-inclined manometer: 
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1. Disconnect the orifice meter line from the 
downstream orifice pressure tap (the one closest to the 
exhaust of the orifice), and plug this tap. 

2. Vent the negative side of the inclined manometer to 
the atmosphere. If the inclined manometer is equipped with a 
three-way valve, this step can be performed by merely turning 
the three-way valve that is on the negative side of the 
orifice-inclined manometer to the vent position. 

3 .  Place a one-hole rubber stopper with a tube through 
its one hole in the exit of the orifice, and connect a piece 
of rubber or plastic tubing to the tube, as shown in 
Figure 2.1. 

4. Open the positive side of the orifice-inclined 
manometer to the ltreadingtl position. If the inclined 
manometer is equipped with a three-way valve, this will be the 
line position. 

5. Plug the inlet to the vacuum pump. If a quick 
disconnect with a leak-free check valve is used on the control 
module, the inlet will not have to be plugged. 

6. Open the main valve and the bypass valve. 
7. Blow into the tubing connected to the end of the 

orifice until a pressure of 127 to 178 mm (5 to 7 in.) H20 has 
built up in the system. 

8. Plug or crimp the tubing to maintain this pressure. 
9. Observe the pressure reading for a 1-min period. No 

noticeable movement in the manometer fluid level should occur. 
If the meter box has a leak, a bubbling-type leak-check 
solution may a i d  in locating the leak(s). 

After the metering system is determined to be leak free by 
the positive leak-check procedure, the vacuum system to and in- 
cluding the pump should be checked by plugging the air inlet to 
the meter box. If a quick disconnect with a leak-free stopper 
system is presently on the meter box, then the inlet will not 
have to be plugged. Turn the pump on, pull a vacuum within 
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7.5 cm 3 in.) Hg of absolute zero, and observe the dry gas 
meter. If the leakage exceeds 1.5 x lom4 m /min (0.005 
ft3/min), the leak(s) must be found and minimized until the 
above specifications are satisfied. .* 

Leak checking the meter system before initial calibration 
is not mandatory, but is recommended. 

Note: - For metering systems having diaphragm pumps, the 
normal leak-check procedure described above will not detect 
leakages within the pump. For these cases, the following 
leak-check procedure is suggested: make a lO-min calibration 
run at 0.00057 m /min (0.02 ft /min); at the end of the run, 
take the difference of the measured wet test meter and dry gas 
meter volumes; divide the difference by 10, to get the leak 
rate. The leak rate should not exceed 0.00057 m /min (0.02 
ft3/min). 

Initial calibration = The dry gas meter and orifice meter 
can be calibrated simultaneously and should be calibrated when 
first purchased and any time the posttest check yields a Y 
outside the range of the calibration factor Y +O.O5Y. A 
calibrated wet test meter (properly sized, with 51% accuracy) 
should be used to calibrate the dry gas meter and the orifice 
meter. 

The dry gas meter and the orifice meter should be 
calibrated in the following manner: 

1. Before its initial use in the field, leak check the 
metering system, as described in Subsection 2.1.2. Leaks, if 
present, must be eliminated before proceeding. 

2. Assemble the apparatus, as shown in Figure 2.2, with 
the wet test meter replacing the probe and impingerso-that is, 
with the outlet of the wet test meter connected to a needle 
valve that is connected to the inlet side of the meter box and 
with the inlet side of the wet test meter connected to an 
impinger with water or to a saturator. 

3 

3 3 

3 
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3. Run the pump f o r  15 min w i t h  the  o r i f i c e  meter 
d i f f e r e n t i a l  (AH) se t  a t  1 2 . 7  mm ( 0 . 5  i n . )  H20 t o  allow the 
pump t o  warm up and t o  permit the  i n t e r i o r  su r face  of the  w e t  
tes t  meter t o  be wetted. 

4.  Adjust the needle valve so t h a t  the  vacuum gauge on 
the meter box w i l l  read between 50 and 100 mm ( 2  t o  4 i n .  ) Hg 
during ca l ib ra t ion .  

5. Co l l ec t  the information required i n  t h e  forms 
provided (Figure 2 . 3 A  o r  2 . 3 B ) .  sample volumes, a s  shown, 
should be used. 

6. Calculate  Yi f o r  each of the s i x  runs,  using the 
equat ion in Figure 2 . 3 A  o r  B under the Yi column, and record 
t h e  r e s u l t s  on the  form i n  the space provided. 

following equation: 
7. Calculate  t h e  average Y f o r  the s i x  runs using the 

Record the average on Figure 2 . 3 A  o r  B i n  the  space provided. 
8 .  The dry  gas meter should be cleaned, ad jus ted ,  and 

r eca l ib ra t ed ,  o r  rejected if one o r  more values  of Y f a l l  
ou t s ide  the  i n t e r v a l  Y -+O.OZY. Otherwise, t h e  average Y 
( c a l i b r a t i o n  f a c t o r )  i s  acceptable  and w i l l  be used f o r  fu tu re  
checks and subsequent t e s t  runs.  

Calcu la te  AH@i f o r  each of  t h e  six runs using the  
equat ion i n  F igu re  2.3A o r  B under t he  AHOi column, and record 
on the form i n  t he  space provided. 

following equation: 

9. 

10.  Calculate  t h e  average AH@ f o r  the  s i x  runs using the  
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Date 8//d/iV 

Barometric pre,ssure, P, = t f 4 f  in= H8. 

Meter box number ~ f l - 7  

Calibrated by _~u'bn 

Orif ice 
manometer 
setting 

in. H20 
9 

CV,) s 

3 ft 

(t 1, 
di 
F 0 

(td ) ¶  

0 
F 0 

<v,> Y 

3 ft 

0.5 

1.0 5 

1.5 10 I I I 
2.0 10 I 
3.0 I 10 

4.0 10 I I 
~~ ~ 

Average 

2 
AH 

1.0 

1.5 
- 

2.0 

3.0 

4.0 - 0.294 I I 
a If there is only one thermometer on the dry gas meter, record the temperature 
under td. 

Figure 2.3~. D r y  gas meter calibration data (English u n i t s ) .  
(front side) 



Nomenclature: 

3 

3 

V = Gas volume passing through the wet test meter, ft . 
Vd = Gas volume passing through the dry test meter, ft . 
W 

0 
= Temperature of the gas in the wet test meter, F. tW 

0 tdi = Temperature of the inlet gas of the dry test meter, F. 

,/- 

0 td = Temperature of the outlet gas of the dry test meter, F. 
0 

td = Avera e temperature of the gas in the dry test meter, obtained by the average td 

AH = Pressure differential across orifice, in. H20. 

'i 

and 
i 8 t , F. 

do 

= Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Y = i Y +0.02 Y. - 

Y = Average ratio of accuracy of wet test meter to dry test meter for all six runs. 
Tolerance Y = Y 5.01 Y. 

3 

Tolerance = AH@ - i-0.15 (recommended). 
3 

AH@i = Orifice pressure differential at each flow rate that gives 0.75 ft /min of air at 

AH@ = Average orifice pressure differential that gives 0.75 ft /min of air at standard 

standard conditions for each calibration run, in. H20. 

conditions for all six runs, in. H20. Tolerance = 1.84 - +0.25 (recommended). 

0 = Time for each calibration run, min. 

Pb = Barometric pressure, in. Hg. 

Figure 2.3A. Dry gas meter calibration data (English units). 
(back side) 
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er 
Average 
(td)3 

C 

/8 

0 

Date g//0/7g Meter box number FH-2 

Time 
( @ ) S  

Yi AHei 

.p z3 

min 

Barometric pressure, Pb ~34 Hg. Calibrated by UP& 

1 1 1 

40 

50 

a Temperature 
Orifice I Wet test 

manometer meter meter 

0.30 

0.30 

25 I 0.15 

75 0.30 

75 

100 

100 I 0.30 I I 1 

5.51 

7.35 

XiiTiii 
Outlet 
(td ), 

0 

C 0 

50 I 3.681 

a If there is only one thermometer on the dry gas meter, record it under td. 

Figure 2.3B. Dry gas meter calibration data (metric units). 
(front side) 



Nomenclature: 
3 

3 

C. 

V = Gas volume passing through the wet test meter, m . 
Vd = Gas volume passing through the dry test meter, m . 
W 

0 = Temperature of the gas in the wet test meter, 
tW 

0 tdi = Temperature of the inlet gas of the dry test meter, C. 

0 td = Temperature of the outlet gas of the dry test'meter, C. 
0 

td = Avera e temperature of the gas in the dry test meter, obtained by the average of td and 
td 9 & c *  i 

0 

AH = Pressure differential across orifice, mm H20. 

'i = Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Yi = 
Y M.02 Y. - 

Y = Average ratio of accuracy of wet test meter to dry test meter for all six runs. 
Tolerance Y = Y - M.01 Y. 

3 AH@i = Orifice pressure differential at each flow rate that gives 0.021 m of air at standard 
conditions for each calibration run, mm H20. Tolerance AH@i = AH@ - +3.8 m H20 (recommended) 

3 Ail@ = Average orifice pressure differential that gives 0.021 m of air at standard 
conditions for all six runs, m H20. Tolerance AH@ = 46.74 - +6.3 mm H20 (recommended). 

2 ... 0 = Time of each calibration run, min. -+ IF 4 P, = Barometric pressure, mm Hg. 

Figure 2.3B. Dry gas meter calibration data (metric units). 
(back side) 
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Record the average on Figure 2.3A or B in the space provided. 
Adjust the orifice meter or reject it if AHei varies 

by more than - +3.9 mm (0.15 in.) H20 over the range of 10 to 
100 mm (0.4 to 4.0 in.) H20. Otherwise, the average AH@ is 
acceptable and will be used for subsequent test runs. 

Posttest calibration check - After each field test 
series, conduct a calibration check of the metering system, as 
in Subsection 2.1.2, except for the following variations : 

1. Three calibration runs at a single intermediate 
orifice meter setting may be used with the vacuum set at the 
maximum value reached during the test series. The single 
intermediate orifice meter setting should be based on the 
previous field test. A valve must be inserted between the wet 
test meter and the inlet of the metering system to adjust the 
vacuum. 

2 .  If a temperature-compensating dry gas meter was 
used, the calibration temperature for the dry gas meter must 
be within - + 6 O C  (10.8OF) of the average meter temperature 
during the test series. 

3 .  Use Figure 2.4A or 2.4B, and record the required 
information. 

If the calibration factor Y deviates by <5% from the 
initial calibration factor Y (determined in Subsection 2.1.2), 
then the dry gas meter volumes obtained during the test series 
are acceptable. If Y deviates by >5%, recalibrate the meter- 
ing system (as in Subsection 2.1.2), and use whichever meter 
coefficient (initial or recalibrated) yields the lower gas 
volume for each test run. 

Alternate procedures--for example, using the orifice 
meter coefficients--may be used, subject to the approval of 
the administrator. 
2 . 2  Thermometers 

11. 

The thermometers used to measure the temperature of gas 
leaving the impinger train should be initially compared with a 



Date 7 i h h B  

Temperature 

Wet test D r y  gas meter 
meter Inlet Outlet Averags 
(tJ, (t 1, (td 1, (td), 

0 

F 0 
di 

F 0 F 0 
F 0 

72 83 7 5  7q 

i 

Barometric pressure, P, =zf- 7 2  in. Hg D r y  gas meter number Ffi 

Time 
(W, 

min 

13.35 

Orifice 
manometer 
setting , 
in H20 
(W 9 

1. QI 

Gas volume 
wet test 
meter 

3 
<vw1 ¶ 

ft 

10 
10 
10 

.. . ~. 

Y 

Gas volume 

meter 
dry gas 

(V 1, 
d3 f t  

Vacuum 
setting , 

in. Hg 

-7 Pretest Y 0. qr. 
P =  i 

Vw Pb (td + 460) 

3 

- - 

'i 

- 
7.987 

Y= 

Vd Pb + AH ( tw + 460) 
1 s  

a 

where 
If there is only one therometer on the dry gas meter, record the temperature under td. 

3 
3 

V = Gas volume passing through the wet test meter, ft . 
Va = Gas volume passing through the dry test meter, ft . 
tw = Temperature of the gas in the wet test meter, 

W 

0 F. 
0 td = Temperature of the inlet gas of the dry test meter, F. i 

Vt3BU.J 
P I P I m m  a e c  cl 
" r-'.e rn r- 
ezrr-0 
WPJ 0 3 

t 0 do = Temperature of the outlet gas of the dry test meter, 

AH = Pressure differential across orifice, in 3 0 .  

Yi = Ratio of accuracy of wet test meter to dry test meter for each run. 

F. 
td = Average temperature of the gas in the dry test meter, obtained by the average of td and td , 0 P. 

i 0 

-2 

\ Tolerance = Pretest Y +0.05Y W O '  

k e g  . --\. 
\\ --ct\. . u * *  

OI-, W 

4 4  

Y = Average ratio of accuracy of wet test meter to dry test meter for all three runs. 

\ O .  u Pb = Barometric pressure, in. Hg. 

0 = Time of calibration run, min. 

Figure 2.4A. Posttest meter calibration data form (English units). 

, 



Test numbers - 
Date $a/% Meter box number FM - 7 Plant A m  BW- P h-f  
Barometric pressure, P, = 730 mm Hg Dry gas meter number FM - 7  Pretest Y 0.993 

Gas volume. Or if ice 
manometer 
setting , 
(AH) ¶ 

mm H20 

Temperature 
I 

36 

dry gas 
meter 
cvd) 9 

3 m 

Gas volume 
wet test 
lPeter 
(V 1, 

w3 m 

Wet test Dry gas meter 
verage meter 

(tw)¶ (t ) ¶  (td 1 3  <td)¶ 

OC 
C 0 

0.30 

I I 1 I 

Time 
<ox 

min 

'3.50 

Vacuum 
setting , 

lfm Hg 

75 

Yi= 

vw Pb (td + 273) 

Pb + AH ( tw + 273 
'd 1 s  

a 

where 
If there is only one therometer on the dry  gas meter, record the temperature under td. 

3 

3 

C. 

Vw = Gas volume passing through the wet test meter, m . 
Vd = Gas volume passing through the dry test meter, m . 

0 
= Temperature of the gas in the wet test meter, tw 

t 0 

td 
t 

AH = Pressure differential across orifice, mm H20. 
Yi = Ratio of accuracy of wet test meter to dry test meter for each run. 

di = Temperature of the inlet gas of the dry test meter, C. 

0 = Temperature of the outlet gas of the dry test meter, 
= Average temperature of the gas in the dry test meter, obtained by the average of t 

C. 
0 

0 

and td , C. 
d di 0 

Y = Average ratio of accuracy of wet test meter to dry test meter for all three runs. 
Tolerance = Pretest Y 50.05Y 

Pb = Barometric pressure, uun Hg. 
0 = Time of calibration run, min. 

Figure 2.4B. Posttest meter calibration data form (metric Units) 
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mercury-in-glass thermometer that meets ASTM E-1 No. 63C or 
63F specifications as follows: 

Place both the mercury-in-glass and the dial t-e or 
equivalent thermometer in an ice bath. Compare readings after 
the bath stabilizes. 

Allow both thermometers to come to room temperature. 
Compare readings after both stabilize. 

3. Accept the dial type or equivalent thermometer if 
values agree within fl'C (2'F) at both points. If the 
difference is greater than +l0C (2OF), the thermometer should 
be either adjusted and recalibrated until the above criteria 
are met, or rejected. 

4. Prior to each field trip, compare the temperature 
reading of the mercury-in-glass thermometer at room temperature 
with that of the meter thermometer in the equipment. If the 
readings are not within +2OC (4OF) the meter thermometer should 
be replaced or recalibrated, 

The thermometers used to measure the metered sample gas 
temperature should also be initially compared with a 
mercury-in-glass thermometer that meets ASTM E-1 No. 63C or 
63F specifications : 

1. Place the dial type OL- equivalent thermometer and 
the mercury-in-glass thermometer in a hot water bath, 40' to 
5OoC (105' to 122OF). Compare readings after the bath 
stabilizes. 

2. Allow both thermometers to come to room temperature. 
Compare readings after thermometers stabilize. 

3. Accept the dial type or equivalent thermometer if: 
(1) values agree within f3'C (5.4OF) at both points or (2) the 
temperature differentials at both points are within f3 'C  

(5.4'F) and the temperature differential is taped to the 
thermometer and recorded on the pretest sampling checks form 
(Figure 2.5). 

1. 

2. 

- 
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Date 9/1</71 Calibrated by &&a 
Meter box number FMm/ AH@ /. +/ 

Dry Gas Meter* 

Pretest calibration factor = 0. 9 f b  (within +2% of the average 
factor for each calibration run). 

- 

Impinger Thermometer 

Was a pretest temperature correction used? yes K n o .  
If yes, temperature correction (within +l0C (2OF) of re- 
ference values for calibration and within f 2 O - 6  (4'F) of re- 
ference values for calibration check). 

Dry Gas Meter Thermometer 

If yes, temperature correction (within +3OC (3.4OF) of 
reference values f o r  calibration and within fg°C (10.8OF) of 
reference values for calibration check). 

Was a pretest temperature correction made? yes d n o .  

Barometer 

Was the pretest field barometer reading correct? dyes -no 
(within f2.5 mm (0.1 in) Hg of the mercury-in-glass barometer). 

* 
Most significant items/parameters to be checked. 

Figure 2.5. Pretest sampling checks. 



Section N o .  3.7.2 
Revision No. 0 
D a t e  May 1, 1979 
Page 17 of 20 

4 .  Pr io r  t o  each f i e ld  t r i p ,  compare the temperature 
reading of the mercury-in-glass thermometer a t  room temperature 
with tha t  of the meter system thermometer. The values o r  
corrected values should be within f 6 O C  (10.8OF) of one another,  
o r  t he  meter thermometer should be replaced o r  reca l ibra ted .  
Record any temperature correct ion f ac to r s  on Figure 2 .5  o r  on a 
s imi l a r  form. 
2.3 Barometer 

The f i e l d  barometer should be adjusted i n i t i a l l y  and 
before each tes t  series t o  agree within f 2 . 5  mm ( 0 . 1  i n . )  Hg of 
the mercury-in-glass barometer o r  the  s t a t i o n  pressure value 
reported from a nearby National Weather Service s t a t i o n ,  
corrected f o r  e levat ion.  The tester should be aware t h a t  the 
reported pressure i s  normally corrected t o  sea leve l ;  the  
tester should request  t h e  uncorrected reading. The correct ion 
f o r  e levat ion difference between the weather s t a t i o n  and the 
sampling po in t  should be applied a t  a r a t e  of -2.5 mm Hg/30 m 
( -0 .1  in./100 f t ) .  Record r e s u l t s  on Figure 2.5 o r  on a 
s imi la r  f o m .  
2 .4  Probe Nozzle 

The nozzle should be s t a i n l e s s  steel  (316) o r  g l a s s  w i t h  
sharp,  tapered leading edges. The angle of taper  should be 
- <30°, and the taper  should be on the  outs ide t o  preserve a 
constant  I D .  Also the probe nozzles should be ca l ibra ted  
before the i r  i n i t i a l  use i n  the  f ie ld .  Using a micrometer, 
measure the I D  of the  nozzle t o  the  neares t  0.025 mm 
(0.001 i n . ) .  Make three separate  measurements using d i f f e r e n t  
diameters each t i m e ,  and then average the measurements. T h e  
difference between the high and low numbers should not  exceed 
0 .1  mm (0.004 i n . ) .  

When nozzles become nicked, dented, o r  corroded, they 
should be reshaped, sharpened, and reca l ibra ted  before use. 
Each nozzle should be permanently and uniquely iden t i f i ed .  
Figure 2 .6  i s  an example sample nozzle ca l ib ra t ion  data form. 



Nozzle 
identi f icaton 

number 

37 

Section No. 3.7.2 
Revision No. 0 
Date May 1, 1979 
Page 18 of 20 

Dl 1 mm, (in.) 

u. 251 

Calibrated by - 

D2 I mm, (in.) 

0.25 3 

I 

where : 

D3 I mm, (in.) 

0.262 

AD I 

mm, (in.) 

0.002 

D11213,= Nozzle diameter measured on a different diameter, mm (in.). 
Tolerance = measure within 0.025 mm (0.001 in.). 

AD = maximum difference in any two measurements, mm (in.). 
Tolerance = 0.1 mm (0.004 in.). 

= average of D1, D2, D3. avg D 

Davg 

0.24-2 
- 

- 

Figure 2.6. Nozzle calibration form. 
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2.5 Pitot Tube 
The type-S Pitot tube assembly should be calibrated 

according to the procedure outlined in Method 2, 
Section 3.1.2. 
2.6 Trip Balance 

The trip balance should be calibrated initially by using 
Class-S standard weights and should be within +0.5 g of the 
standard weight. Adjust or return the balance to the manu- 
facturer if limits are not met. 

- 
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T a b l e  2.1. ACTIVITY MATRIX 

Apparatus 

Wet tes t  meter 

Dry gas meter 

Thermometers 

Ba rome ter 

Probe nozzle 

Tr ip  balance 

Type-S P i t o t  
tube 

Acceptance l imits 

Capac3ty of a t  1 a s t  
3 .4  m / h  (120 f t  /h)  
and an accuracy wi th in  

5 

- +1.0% 

Y.  = Y +0.02 Y a t  a 
fjow r a t e  of 0.02-0.03 
m /min (0.66-1) 

Impinge r thermometer 
+ l 0 C  (2'F); dry gas 
meter thermometer with- 
i n  - +3OC (5.4OF) over 
range 

+2.5 mm (0 .1  i n . )  Hg of 
mercury- in -g las  s barom- 
eter 

Average of t h ree  I D  
measurements of nozzle;  
d i f f e rence  between high 
and low n o t  t o  exceed 
0 .1  mm (0.004 i n . ) .  

ap r 530° 

Standard weights mea- 
sured wi th in  - +0.5 g of 
s t a t e d  va lue  

I n i t i a l l y  c a l i b r a t e d  
according t o  Sec. 2 of 
Method 2 ,  and tube t i p s  
undamaged 

FOR CALIBRATION OF EQUIPMENT 

Frequency and method 
of measurement 

Ca l ib ra t e  i n i t i a l l y  
and then yea r ly  
by t h e  l i q u i d  d i s -  
placement technique 

Ca l ib ra t e  vs .  wet 
test meter i n i t i a l l y ,  
and when the  p o s t t e s t  
check i s  not  wi th in  
Y - +0.05 Y 

Cal ib ra t e  each i n i -  
t i a l l y  a s  a s epa ra t e  
component aga ins t  a 
mercury-in-glass 
thermometer and then 
before  each f i e l d  
t r i p  compare each a s  
p a r t  of t h e  t r a i n  
wi th  t h e  mercury-in- 
g l a s s  thermometer 

Ca 1 i b r a  t e  i n i  t i a  1 l y  
using mercury-in- 
g l a s s  barometer, and 
check before  and 
a f t e r  each f i e l d  t e s t  

Use a micrometer t o  
measure t o  t h e  near- 
es t  0.025 mm (0.001 
in. ) 

Balance c a l i b r a t i o n  
v e r i f i e d  when f i r s t  
purchased, any t i m e  
moved o r  su3jected t o  
rough handl ing,  and 
during rou t ine  oper- 
a t i o n s  when cannot 
weigh wi th in  z0.5 g 

Visual ly  check before  
each f i e l d  t e s t  

I 

Action i f  
requirements 
a r e  not  m e t  

Adjust u n t i l  
s p e c i f i c a t i o n s  
a r e  met, o r  
r e t u r n  t o  manu- 
f a c t u r e r  

Repair o r  re- 
p l ace  and then 
r e c a l i b r a t e  

Adjust;  de- 
termine a con- 
s t a n t  correc-  
t i o n  f a c t o r ;  
o r  r e j e c t  

Adjust t o  
agree with 
c e r t i f i e d  
barometer 

Reca l ib ra t e ,  
reshape, and 
sharpen when 
nozzles  a r e  
nicked,  dented, 
o r  corroded 

Manufacturer 
should r e c a l i -  
b r a t e  o r  ad- 
just 

Repair o r  
rep lace  
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3.0 PMSAMPLING OPERATIONS 
The quality assurance functions for presampling prepar- 

ations are summarized in Table 3.1 at the end of this section. 
See Section 3.0 of this Handbook for details on preliminary 
site visits. 
3.1 Apparatus Check and Calibration 

Figure 3.1 or a similar form is recommended to aid t h e  
tester in preparing an equipment checklist, status form, and 
packing list. 
3.1.1 Samplinq Train - The schematic of the Method 8 sampling 
train is given in Figure 1.1. Commercial models of this 
system are available. Each individual or fabricated train 
must be in compliance with the specifications in the reference 
method, Section 3.7.10. 
3.1.2 Probe and Nozzle - The probe and nozzle should be 
cleaned internally by brushing first with tap water, then with 
deionized distilled water followed by acetone, and finally 
allowed to dry in the air. In extreme cases, the glass probe 
liner can be cleaned with stronger reagents. The objective is 
to leave the glass liner free from contaminants. The probe 
heating system should be checked to see that it is operating 
properly. The probe must be leak free at a vacuum of 380 mm 
(15 in.) Hg when sealed at the inlet or tip. 
3.1.3 Impingers, Filter Holder, and Glass Connections - All 
glassware should be cleaned first with detergent and tap water 
and then with deionized distilled water. Any items that do 
not pass a visual inspection for cracks or breakage must be 
repaired or discarded. 
3.1.4 Pump - The vacuum pump and oiler should be serviced as 
recommended by the manufacturer, every 3 mo, or after the 10th 
test (whichever comes first), or upon erratic behavior (nonuni- 
form or insufficient pumping action). 
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Loaded 
and packed 

~~ 

Apparatus check 
Acceptable 
Yes 

Quantity 
required 

Rea 
Yes No 

Probe 
Type glass liner 

J 

l/ 

J 

Borosilicate - 
Quartz 

Heated 
Leak checked 

Nozzle 
Glass 
Stainless steel - 
Other 

3 4  

Pitot Tube 
Type 
Other 
Properly attached 

J 

d 
"5 

Modifications 

44 
Differential 
Pressure Gauqe 
Inclined manometer 

Other 

b 0  

~~ 

Filter Holder 
Borosilicate glass 
Glass frit 
Gasket 
silicone 
Teflon 
Viton 

(continued) 

Figure 3.1. Example of a pretest preparation checklist. 
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Quantity 
required 

lu 
No 

Loaded 
and packed 

Acc~ 
Yes  

t ab l e  
N o  

R e  
Y e s  - 

J 

V 

Apparatus check 

J 

Condenser 
Impingers 
Greenburg-Smith 
Modified Green- 

burg-Smith 

Impinqer Temper- 
a ture  Sensor 
Thermometer 
O t h e r  

Calibrated 
Other 
Barometer 
Mercury 
Aneroid 
Other 
Calibrated* 

r/ 
J 

G 
14 

4 v 

v 

v 

J 

/ J 

Stack Temperature 
Sensor J 2 

r/ 
J 

Type 
Calibrated" 

J 

J 

/ 

I /  

Reagents 
D i s t i l l e d  water 
Hydrogen perox- 

i d e  (30%) 
Isopropanol (80%) 

(checked fo r  
peroxides) 

s i l i c a  gel  

J 

v 

0 

2 Meter Sys tem 
Pump leak free* 
O r i f i c e  meter* 
Dry gas meter* 

,. 
Most s ign i f i can t  items/par+neters t o  be checked. 

F igu re  3.1 (continued) 
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3.1.5 Dry Gas Meter - A dry gas meter calibration check 
should be made in accordance with the procedure in 
Section 3.7.2. 
3.1.6 Silica Gel - Either dry the used silica gel at 120' - 
15OOC (248' - 302OF) or weigh out fresh silica gel in several 
200- to 300-g portions in airtight containers to the nearest 
0.5 g. Record the total weight (silica gel plus container) on 
each container. The silica gel does not have to be weighed if 
the moisture content is not to be determined. 
3.1.7 Filters - Check filters visually against light for ir- 
regularities, flaws, or pinhole leaks. The filters do not 
have to be weighed, labeled, or numbered. 
3.1.8 Thermometers - The thermometers should be compared with 
the mercury-in-glass thermometer at room temperature prior to 
each field trip. 
3.1.9 Barometer - The field barometer should be compared with 
the mercury-in-glass barometer or the weather station reading 
after making an elevation correction, prior to each field 
trip. 
3.2 Reaqents and Equipment 
3.2.1 Samplinq - The first impinger solution (80% isopropa- 
nol) is prepared by mixing 800 ml of reagent grade or certi- 
fied ACS isopropanol (100%) with 200 ml of deionized distilled 
water. The second and third impinger absorbing reagent (H202, 
3%) is prepared by diluting 100 ml of 30% H202 to 1 !2 (1000 
ml) with deionized distilled water. The 3% H202 should be 
prepared fresh daily, using certified ACS reagent grade compo- 
nents. Solutions containing isopropanol must be kept in 
sealed containers to prevent evaporation and must be prepared 
fresh for each test series. 
3.2.2 Sample Recovery - Deionized distilled water and 80% 
isopropanol are required on site f o r  quintitative transfer of 
impinger solutions to storage containers. The water and iso- 
propanol are used to clean the sampling train in the process 
of sample recovery. 
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3.3 Packinq Equipment for Shipment 
The condition of equipment may depend upon the careful 

packing of equipment with regard to (1) accessibility in the 
field, (2) care of movement on site, and (3) optimum func- 
tioning of measurement devices in the field. Equipment should 
be packed under the assumption that it will receive severe 
treatment during shipping and field operations. One major 
consideration in shipping cases is the construction materials. 
3.3.1 Probe - Pack the probe in a case protected by poly- 
ethylene foam or other suitable packing material. The inlet 
and outlet should be sealed and protected from breakage. An 
ideal container is a wooden case, or equivalent, lined with 
foam material in which separate compartments are cut to hold 
individual devices. The case, equipped with handles or 
eye-hooks that can withstand hoisting, should be rigid enough 
to prevent bending or twisting of the devices during shipping 
and handling. 
3.3.2 Impinqers, Connectors, and Assorted Glassware - All 
impingers and glassware should be packed in rigid containers 
and protected by polyethylene foam or other suitable packing 
material. Individual compartments for glassware help to 
organize and protect each individual item. 
3.3.3 Volumetric Glassware - A sturdy case lined with poly- 
ethylene foam material protects drying tubes and assorted vol- 
umetric glassware. 
3.3.4 Meter Box - The meter box--which contains the manome- 
ters, orif ice  meter, vacuum gauge, pump, dry gas meter, and 
thermometers--should be packed in a rigid shipping container 
unless its housing is sufficient to protect components during 
travel. Additional pump oil should be packed if oil is 
required for its operation. It is advisable to always ship a 
spare meter box in case of equipment failure. 
3.3.5 Wash Bottles and Storaqe Containers - Storage contain- 
ers and miscellaneous glassware should be packed in rigid 
foam-lined containers. 
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T a b l e  3.1. ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS 
~~ 

Apparatus 

Probe 

Impingers , fil- 
ter holders, 
and glass con' 
ne c to rs 

Pump 

Dry gas meter 

Reagents and 
Equipment 

Sampling 

Acceptance limits 

1. Probe liner should 
be free of contaminants 
and constructed of boro- 
silicate glass, or 
quartz, or the equiva- 
lent (no metal liners) 

2.  Probe must be leak 
free at 380 mm (15 in.) 
Hg 

3.  Probe must prevent 
condensation of mois- 
ture 

Clean, free of breaks, 
cracks, leaks, etc. 

Maintain a smooth Sam- 
pling rat5 of about 
0.3-0.5 m /min (1-1.7 
ft /min) at up to 380 
mm (15 in.) Hg vacuum 
at pump inlet 

~~ ~~ 

+2% of calibration 
Factor and clean 

411 reagents must be 
zertified ACS or rea- 
gent grade 

Frequency and method 
of measurement 

1. Clean probe in- 
ternally by brushing 
with tap deionized 
distilled water, then 
acetone; allow to dry 
in air before test 

2. Visually check be. 
fore test 

3 .  Check out heating 
system initially and 
when moisture cannot 
be prevented during 
testing (Sec. 3 . 7 . 1 )  

Clean with detergent 
and tap water, then 
deionized distilled 
water 

Service every 3 mo or 
upon erratic behavior 
check oiler jars ever] 
10 tests 

Calibrate according 
to Sec. 3.7.2, and 
check for excess oil 

Prepare fresh daily 
and store in sealed 
containers 

Action if 
requirements 
are not met 

1. Retrace 
cleaning pro- 
cedure and 
assembly 

2.  Replace 

3 .  Repair or 
rep lace 

Repair or 
discard 

Repair or 
return to 
manufacturer 

As above 

Prepare new 
1: e a gent 

(continued) 
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As above 

As above 

Table 3.1 (cont inued)  

As above 

As above 

Apparatus 
~ -- 

Sample 
recovery 

Package Equip- 
ment f o r  Ship- 
ment 

Probe 

Impingers,  con- 
n e c t o r s ,  and 
a s s o r t e d  
glassware 

Pump 

Meter box 

Wash b o t t l e s  
and s to rage  
con ta ine r s  

Acceptance l i m i t s  

Deionized d i s t i l l e d  wa- 
t e r  on - s i t e  and leak-  
f r e e  sample s to rage  
b o t t l e s  a s  s p e c i f i e d  i n  
Sec. 3 . 7 . 1  

Pack i n  r i g i d  contain-  
e r  and p r o t e c t  wi th  
polyethylene foam 

Pack in r i g i d  contain-  
e r s  and p r o t e c t  wi th  
polyethylene foam 

Sturdy case  l i n e d  with 
polyethylene foam ma- 
t e r i a l  o r  as p a r t  o f  
meter box 

Meter box case  and/or 
a d d i t i o n a l  m a t e r i a l  t o  
p r o t e c t  t r a i n  compon- 
e n t s ;  pack spare  meter 
box 

Pack i n  r i g i d  foam- 
l i n e d  con ta ine r s  

I 

Frequency and method 
Action i f  
requirements 

o f  measurement a r e  no t  m e t  
I 

Water and reagent  
grade isopropanol  a r e  
used t o  c l ean  imping- 
er a f t e r  t e s t i n g  and 
p r i o r  t o  t ak ing  sam- 
p l e .  

Pack p r i o r  t o  each 
shipment 

Prepare new 
reagent  

Repack 

Pack p r i o r  t o  each 
shipment 

Repack 

As above A s  above 

I 
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4.0 ON-SITE MEASUREMENTS 
The on-site measurement activities include transporting 

the equipment to the test site, unpacking and assembling the 
equipment, making duct measurements, velocity traverse, 
determination of molecular weight and stack gas moisture 
content (in certain cases the moisture content can be assumed 
to be zero), sampling for sulfuric acid mist and sulfur 
dioxide, and recording data. Table 4.1 at the end of this 
section summarizes the quality assurance activities for 
on-site measurements. A copy of all field data forms 
mentioned are contained in Section 3.7.12. 
4.1 Transport of Equipment to the Sampling Site 

The most efficient means of transporting the equipment 
from ground level to the sampling site should be decided 
during the preliminary site visit (or prior correspondence). 
Care should be exercised to prevent damage to the test 
equipment or injury to test personnel during the moving phase. 
A laboratory type area should be designated for preparation of 
absorbing reagents, placing the filter in the filter holder, 
charging of the impingers, sample recovery, and documentation. 
This area should be fairly clean and should not have excessive 
drafts. 
4.2 Samplinq 

The on-site sampling includes the following steps: 
1. Preliminary measurements and setup, 
2 .  Preparation and/or addition of the absorbing 

3 .  Placement of the filter in the filter holder, 
4. Setup of the sampling train, 
5 .  Preparation of the probe, 
6. Leak check of entire train, 

reagents to the impingers, 
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7. Insertion of the probe into the stack, 
8 .  Sealing the port, 
9. Checking the temperature of the probe, 
10. Sampling at designated points, and 
11. Recording of the data. 

A final leak check of the train must always be performed upon 
completion of sampling. 
4.2.1 Preliminary Measurements and Setup - The sampling site 
location should be selected in accordance with Method 2. If 
this is not possible due to duct configuration or other 
reasons, the sampling site location should be approved by the 
administrator. A 115-V, 30-amp electrical supply is necessary 
to operate the standard sampling train. Measure the stack and 
either determine the minimum number of traverse points by 
Method 1 or check the traverse points determined from the 
preliminary site visit, Section 3.0 of this Handbook. Record 
all data on the traverse point location form, as shown in 
Section 3.0. These measurements will be used to locate the 
Pitot tube and the sampling probe during preliminary measure- 
ments and actual sampling. 
4.2.2 Stack Parameters - Check the sampling site for cyclonic 
or nonparallel flow as described in Method 1 (Section 3.0). 
The sampling site must be acceptable before a valid sample can 
be made. Determine the stack pressure, temperature, and the 
range of velocity heads using Method 2; it is recommended that 
a leak check of the velocity pressure system (Method 2) be 
performed. Be sure that the proper differential pressure 
gauge is chosen for the range of velocity heads encountered 
(see Method 2). Determine the moisture content using the 
approximation Method 4 or its alternatives for the purpose of 
setting the isokinetic sampling rate. If the particular 
source has been tested before or a good estimate of the 
moisture is available, this should be sufficient. The 
Reference Method uses the condensate collected during sampling 
to determine the moisture content used in final calculations. 
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Note: For contact-process sulfuric acid plants, the 
moisture can be assumed to be zero if a scrubber is not in 
use. 

Determine the dry molecular weight of the stack gas, as 
required in Method 2. If an integrated gas sample is 
required, follow Method 3 procedures and take the sample 
simultaneously with, and €or the same total length of time as, 
the sulfuric acid mist and SO2 sample run. Sampling and 
analytical data forms for molecular weight determinations are 
presented in Method 3 .  

Using the stack parameters obtained by these preliminary 
measurements, the nomograph can be set up as outlined in 
APTD-0576. An example of a nomograph data form is presented 
in Method 5. 

Method 8 sampling is performed isokinetically like 
Method 5, but the sampling rate is not to exceed 0.03 m /min 
(1.8 ft /min) during the test. To accomplish this, select a 
nozzle size based on the range of velocity heads, so that it 
is not necessary to change the nozzle size in order to 
maintain isokinetic sampling rates. Select also a nozzle that 
will not allow the maximum sampling rate to exceed 0.03 m /min 
(1.0 ft /min) during the run. Check the maximum AH, using the 
following equation: 

3 
3 

3 
3 

1.09 Pm M AH@ 
Maximum AH < 

Tm 
- Equation 4-1 

where 

Maximum AH = pressure differential across the orificg, in. 
H 2 0 ,  that will produce a flow of 1.0 ft /mini 

Pm = pressure of the dry gas meter, in. Hg; 

M = molecular weight of stack gas; 

AH@ = pressure differential across the orifice that will 
produce a flow of 0.75 scfm, in. H20;  arid 

= temperature of the meter, OR. Tm 
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This maximum AH will limit the sampling flow rate to <0.03 
m /min (1.0 ft /min). 

During the run, do not change the nozzle size. Install 
the selected nozzle using a Viton-A O-ring when stack temp- 
eratures are <26OoC (500'F) and using an asbestos string 
gasket when temperatures are higher (see APTD-0576 for 
details). Other connecting systems such as Teflon ferrules 
may be used. Mark the probe with heat resistant tape or by 
some other technique to denote the proper distance into the 
stack or duct for each sampling point. 

Select a suitable probe liner and probe length so that 
all traverse points can be sampled. For large stacks, 
consider sampling from opposite sides of the stack to reduce 
the length of the probe. 

Select a total sampling time greater than or equal to the 
minimum total sampling time specified in the test procedures 
for the specific industry so that (1) the sampling time per 
point is - >2 min (or some greater time interval specified by 
the administrator) and (2) the sample volume taken (corrected 
to standard conditions) will exceed the required minimum total 
gas sample volume (normally 1.15 dscm (40.6 dscf)). The 
latter can be based on an approximate average sampling rate. 

It is recommended that the number of minutes sampled at 
each point be an integer or an integer plus one-half min, in 
order to avoid timekeeping errors. 

In some circumstances ( e . g . ,  batch cycles), it may be 
necessary to sample for shorter times at the traverse points 
and to obtain smaller gas sample volumes. In these cases, the 
administrator's approval must first be obtained. 
4.2.3 Preparation and/or Addition of Absorbinq Reagents 

and Filter to Collection System - Absorbing reagents 

3 3 

can be prepared on site if necessary, according to the 
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directions given in Section 3.7.3. A pipette or graduated 
cylinder should be used to place 100 ml of 80% isopropanol 
into the first impinger. Be sure that the pipette or 
graduated cylinder was not used previously to add the H202 
solution. It is suggested that the graduated cylinders or 
pipettes be marked to reduce the chance of interchanging. 
Place 100 ml of 3% H202 into the second impinger and 100 ml of 
3% H202 into the third impinger. Also, place approximately 
200 g of silica gel into the fourth impinger. 

Note: If moisture content is to be determined by 
impinger analysis, either weigh each of the first three 
impingers (plus absorbing solution) to the nearest 0.5 g and 
record these weights, or determine to the nearest 1 ml 
volumetrically. The weight of the silica gel (or silica gel 
plus container) must also be determined to the nearest 0.5 g, 
and recorded. 

Using tweezers or clean disposable surgical gloves, place 
a filter in the filter holder. Be sure that the filter is 
properly centered and that the gasket is properly placed in 
order to prevent the sample gas stream from circumventing the 
filter. Check the filter for tears after assembly is 
completed. 
4.2.4 Assemblinq Samplinq Train - During preparation and 
assembly of the sampling train, keep a l l  sample train surfaces 
that are to be exposed to the sample covered until just prior 
to assembly or until sampling is about to begin. 

Assemble the sampling train as shown in Figure 1.1, using 
(if necessary) a very light coat of silicone grease on all 
ground-glass joints. Apply grease only to the outer portion 
of the glass joint to avoid the possibility of contaminating 
the sample. Place crushed ice and water around the impingers. 
4.2.5 Leak Checks - Leak checks are necessary to assure that 
the sample has not been biased low by dilution air. The 
Reference Method specifies that leak checks be performed at 
certain times. These are discussed below in this subsection. 
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Pretest leak check - A p r e t e s t  leak check is  recommended, 
b u t  not  required.  I f  the tester opts  t o  conduct the  p r e t e s t  
leak check, the following procedure should be used: 

1. A f t e r  the  sampling t r a i n  has been assembled, tu rn  on 
the probe heat ing system, set  it a t  the desired operating 
temperature, and allow time fo r  t h e  temperature t o  s t a b i l i z e .  

If a Viton A O-ring o r  other  leak-free connection is  
used i n  assembling the probe nozzle t o  the  probe l i n e r ,  leak 

check the t r a i n  a t  t h e  sampling s i te  by plugging the nozzle 
and pul l ing  a 380 mm (15 i n . )  Hg vacuum. Note: A lower 
vacuum may be used, i f  it is  not  exceeded during the  tes t .  

I f  an asbestos s t r i n g  is  used f o r  the probe gasket,  do 
not  connect the probe t o  the t r a i n  during the  leak check. 
Instead, leak check the  t r a i n  by first plugging the i n l e t  t o  
the f irst  impinger and pul l ing  a 380 mm (15 i n . )  Hg vacuum 
(see note immediately above). Then connect t he  probe t o  the  
t r a i n  and leak check a t  about 25 mm (1 i n . )  Hg vacuum; 
a l t e rna t ive ly ,  the probe may be leak checked w i t h  the  rest of 
the sampling t r a i n  i n  one step a t  a vacuum of 380 mm (15 i n .  ) 
Hg.  Leakage r a t e s  i n  excess of 4% of the  average sampling 

a re  not  acceptable.  
The  following leak-check in s t ruc t ions  f o r  t he  sampling 

t r a i n  described i n  APTD-0576 and APTD-0581 may be helpful :  
1. S t a r t  the  pump w i t h  the  bypass valve f u l l y  open and 

the coarse ad jus t  valve completely closed. 
2 .  P a r t i a l l y  open the  coarse ad jus t  valve and slowly 

close the  bypass valve u n t i l  t h e  desired vacuum i s  reached. 

2. 

rate o r  a t  0.00057 m 3 /min (0 .02  ft  3 /min), whichever i s  less, 

not reverse  t h e  d i r ec t ion  of the  bypass valve; this w i l l  
cause hydrogen peroxide t o  back up into the f i l t e r  holder.  I f  

the  desired vacuum is exceeded, e i ther  leak check a t  t h i s  
higher vacuum o r  end the  leak check as shown below and s t a r t  
over. 
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When the  leak check is completed, f i r s t  slowly remove the  
plug from the  i n l e t  t o  t he  probe o r  the f i r s t  impinger and 
then immediately turn  off the  vacuum pump. This prevents the 
absorbing so lu t ion  i n  the impingers from being forced backward 
i n t o  the f i l t e r  holder and prevents the s i l i c a  ge l  from being 
entrained backward i n t o  the  t h i r d  impinger. Visual ly  check t o  
be s u r e  t h a t  H202 did not  contact  the f i l t e r  and t h a t  the 
f i l t e r  has no breaks,  and SO fo r th .  

Leak checks during the  sample run - I f  during the 
sampling run a component (e .g . ,  a f i l t e r  assembly) change 
becomes necessary, a leak check should be conducted 
immediately before  the  change i s  made. The leak check should 
be done according t o  the  procedure out l ined above, except t h a t  
it should be done a t  a vacuum equal t o  o r  grea te r  than the 
maximum value recorded up t o  t h a t  po in t  i n  t h e  test. I f  t he  
leakage r a t e  is  found t o  be no grea te r  than 0.00057 m /min 
(0.02 f t  /min) o r  4% of the  average sampling r a t e  (whichever 
is less), t h e  r e s u l t s  are acceptable,  and no correct ion w i l l  
need t o  be applied t o  the  t o t a l  volume of dry gas metered; if, 
however, a higher leakage r a t e  is obtained, the  t e s t e r  e i t h e r  
should record the  leakage r a t e  and plan t o  co r rec t  t he  sample 
volume (as shown i n  Section 3 .7 .6  of this method) o r  should 
void the sampling run. 

3 
3 

Note: Be s u r e  t o  record the  dry gas meter reading before 
and a f te r  each leak check performed during and a f t e r  each tes t  
run so t h a t  the  sample volume can be corrected.  

Immediately a f t e r  component changes, leak checks are 
again opt ional ;  i f  such leak checks a r e  done, t he  procedure 
out l ined above should be used. 

P o s t t e s t  leak check - A leak check is mandatory a t  the  
conclusion of each sampling run. The leak check should be 
done i n  accordance w i t h  the  procedures previously out l ined,  
except t h a t  it should be conducted a t  a vacuum equal t o  o r  
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grea te r  than t h e  maximum value reached during the sampling 
run. I f  the leakage r a t e  i s  found t o  be no grea te r  than 
0.00057 m3/min (0.02 ft3/min) o r  4% of the  average sampling 
rate (whichever i s  l e s s ) ,  the  resu l t s  a re  acceptable, and no 
correct ion w i l l  need t o  be applied t o  the t o t a l  volume of dry 
gas metered. I f ,  however, a higher leakage r a t e  is obtained, 
the tester should record the leakage r a t e  and should co r rec t  
the sample .volume as  shown i n  Section 3 .7 .6  of t h i s  method. 

Be  s u r e  t o  record t he  dry gas meter reading before 
performing the leak check i n  order  t o  determine the sample 
volume. 
4.2.6 Samplinq Train Operation - J u s t  p r i o r  t o  sampling, 
c lean the portholes t o  minimize t h e  chance of sampling any 
deposited mater ia l .  Pa r t i cu la t e  matter can i n t e r f e r e  w i t h  t he  
w e t  chemical analysis  for  s u l f u r i c  acid m i s t .  Verify t h a t  the 
probe heat ing system is  a t  the  desired temperature and t h a t  
both t h e  P i t o t  tube  and the nozzle a re  located properly.  
Follow the procedure out l ined below f o r  sampling: 

1. Record t h e  i n i t i a l  dry gas meter readings, barometer 
readings, and other  data as  indicated i n  F igu re  4.1. 

2 .  Posi t ion t h e  t i p  of the probe a t  t h e  first sampling 
poin t  so t h a t  the nozzle t i p  i s  point ing d i r e c t l y  i n t o  the gas 
stream; then tu rn  on the  pump. 

3 .  Immediately ad jus t  the  sample flow t o  i sokine t ic  
conditions.  

4. Take other  readings required by Figure 4 .1  a t  l e a s t  

5. Record the  dry gas meter readings a t  t h e  end of each 

6 .  Repeat s t e p s  3 through 5 f o r  each sampling point .  
7. A t  t h e  conclusion of each t raverse ,  t u rn  off the  

pump, remove the  probe from the s tack,  and record the  f i n a l  
readings. 

Note: - 

once a t  each sampling poin t  during each time increment. 

sampling time increment. 



Probe length h 4.. 
Probe liner material 
Probe heater setting 3 . 5 0  
Ambient temperature 7 o 
Barometric pressure a 7 .  9 6  
Assumed moisture o 
Static pressure - 
C factor 0. SS 

Reference AP 0.90 

-@----- 

L 

Sheet I of 
Nozzle identification number 37 
Nozzle diameter 0.  a sa 
Final leak rate 0. o I 3 
Vacuum during .leak check 3 i n , 
Remarks : 

Q 

,/- '' 

Figure 4 . 1 .  Method 8 field test data form. 
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8 .  Conduct a leak check, as described in Subsec- 
tion 4.2.4, at the conclusion of the last traverse. This 
leak check is mandatory. Record a l l  leakage rates. Note: 
If the velocity determination is required for the emissions 
calculation, a leak check of the Pitot-tube-manometer system 
is mandatory. The procedures are detailed in Section 4 of 
Method 2. 

Disconnect the probe and then cap the nozzle and the 
end of t h e  probe with polyethylene caps or the equivalent. 
See Subsection 4.3 on how to recover the probe contents. 

10. Drain the ice bath, and purge the remaining part of 
the train by drawing clean ambient air through the system fo r  
15 min at the average sampling rate. Provide clean ambient 
air by passing the air through a charcoal filter, or use 
ambient air without purification. See Subsection 4.3 for 
details on how to protect the probe from contamination during 
purging, and so forth. Note: Ambient air that is in 
compliance with normal state or Federal ambient air standards 
for SO2 will have less than a 0.5% effect on the final results 
when not cleaned by passing it through a charcoal filter. 

During the sampling run, maintain an isokinetic sampling 
rate within 510% unless otherwise specified by the 
administrator. Adjust the sampling flow rates when a 20% 
variation in the velocity head reading occurs. Make periodic 
checks of the manometer level and zero during each traverse. 
Vibrations and temperature fluctuations can cause the 
manometer zero t o  d r i f t .  

Periodically during the test, observe the connecting line 
between the probe and the first impinger €or signs of 
condensation. If signs do occur, adjust the probe heater 
setting upward to the minimum temperature required to prevent 
condensation. 
4.3 Sample Recovery 

The Reference Method requires the sample to be recovered 
from the probe, the impingers, all connecting glassware, and 
the filter. Sample recovery should be performed in a labora- 

9. 
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tory type area to prevent contamination of the test sample. 
Upon completion of sampling, the probe should have been 
disconnected and capped off with polyethylene caps or the 
equivalent. Also, the impinger section should be capped off 
with polyethylene caps or the equivalent upon completion of 
purging with clean ambient air. Then the irnpinger box and the 
sampling probe can be transported safely to the clean-up area 
without contaminating or losing the sample. 
4.3.1 Sulfuric Acid Mist Sample Recovery - The sulfuric acid 
mist (including SO3) sample is collected in the probe, the 
first impinger, all connecting glassware before the filter, 
the front half of the filter holder, and the filter. To 
recover the sample: 

1. Transfer the contents of the first impinger into a 
250-ml graduated cylinder. (If a moisture content analysis is 
to be done, each impinger and its contents should be weighed 
to the nearest 0.5 g and recorded before transferring its 
contents.) 

2. Rinse the probe, the first impinger, all connecting 
glassware before the filter, and the front half of the filter 
holder with 80% reagent grade or certified ACS isopropanol. 

Add the rinse solution to the graduated cylinder and 
dilute to 250 ml with 80% reagent grade or certified ACS 
isopropanol. 

4. Remove the filter with a pair of tweezers, and add 
to the solution; mix; and transfer to the 1000-ml storage 
containers. 

5. Mark the level of liquid on the container, and 
identify the sample container. An example of a sample label 
is shown in Figure 4.2. 

6. Place about 100 ml of the 80% isopropanol in a 
polyethylene bottle, and label the bottle for use as a blank 
during sample analysis. 
4.3.2 Sulfur Dioxide Sample Recovery - The SO2 is captured in 
the second and third impingers and in all connecting 
glassware. 

3. 

Protect the solution from evaporation. 

To recover the SO2 sample: 
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P l a n t  L~.c;(m*c Acid Wqht C i t y  AC tAviIle ! USA 
S i t e  &itf &+let sample type  Has04 
D a t e  9 h P h  I? Run number SAP \ A  
Fron t  r i n s e w F r o n t  f i l t e r 0  Fron t  s o l u t i o n  0 
Back r i n s e 0  Back f i l t e r 0  Back s o l u t i o n 0  
S o l u t i o n  8676 n A  Level m a r k e d w  x tn 

V o l u m e :  I n i t i a l  3 6 ~  F i n a l  9 
a, 
0: Cleanup by /146.0 

Figure  4 . 2 .  Example of a Sample Label. 
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1. Transfer the solutions from the second and third 
impingers to a 1000-ml graduated cylinder. (If a moisture 
content analysis is to be done, each impinger and its contents 
should be weighed to the nearest 0.5 g and recorded before 
transferring its contents.) 

2. Rinse all connecting glassware (including back half 
of the filter holder) between the filter and the silica gel 
impinger with deionized distilled water; add this rinse water 
to the graduated cylinder; and dilute to a volume of 1000 ml 
with deionized distilled water. 

3. Transfer the solution to a storage container; mark 
the level of liquid on the container; and seal and identify 
the sample container. 

Place 100 ml of the absorbing reagent (3% H202) in a 
polyethylene bottle, and label the bottle for use as a blank 
during sample analysis. 
4.4 Sample Logistics (Data) and Packinq of Equipment 

Of runs are completed. Log all data on the form shown in 
Figure 4.3. If the probe and the glassware (impingers, filter 
holder, and connectors) are to be used in the next test, rinse 
all of the glassware and the probe with deionized distilled 
water. Rinse the probe, the first impinger, a11 connecting 
glassware before the filter, and the front half of the filter 
holder with 80% isopropanol. 

4. 

The above procedures are followed until the required number 

The following are recommended at the completion of the test 
series : 

1. Check all sample containers for proper labeling 
(time and date of test, location of test, number of test, and 
any pertinent documentation). Be sure that a blank has been 
taken. 

2. All data recorded during the field test should be 
recorded and duplicated by the best means available. One set 
of data can then be either mailed to the base laboratory or 
given to another team member or to the Agency; the original 
data should be hand-carried. \ 



Sect ion No. 3.7.4 
Revision No. 0 
Date May 1, 1979 

Sample 
number 

1 
2 

3 

Field Data Checks 

Sample Date Liquid Stored 
identification of level in locked 

number recovery marked container 
H2S04 s02 

SAP- I A %?- I6 9//#/78 )/es yes 

Sample 
number 

1 

Remarks 

Sample Date Liquid 

number , analysis level identified 
Sample at marked identification of 

H2S04 s02 

S 4 $ - I A  SAP- 18 vS/7& Ye s 

Signature of field sample trustee 

Laboratory Data Checks 

2 

3 

Remarks 

Signature of lab sample trustee 
I 

Figure 4.3. Sample recovery and integrity data. 
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. .. 

3. All sample containers and sampling equipment should 
be examined f o r  damage, and then properly packed fo r  shipment 
t o  the base laboratory.  All shipping containers should be 
properly labeled t o  prevent loss of samples o r  equipment. 

4. A quick cheek of the sampling and sample recovery 
procedures can be made using the data  form, Figure 4.4. 
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Samglinq 

Impingers properly assembled? 
Contents:" 1st I d  70 - /ob ma 

2nd 3% H, 0. - 1 eo nPc 
3rd 370 H,o: - 100 AL 
4th A O O W  d P  - S/Y/&99&/ 

Cooling system vZce RNd #A+&& 
Filter between 1st and 2nd impinger? 
Proper connections? 
Silicone grease added to all ground-glass joints? 
Pretest leak check? (optional Leaga*&%;c, 

??$%sad Pitot tube lines checked'for plugging and leaks? 
Meter box leveled? + 7 ' ~  Periodically? 
Manometers zeroed?* UM 
Heat uniform along length offprobe?* 
AH@ from most recent calibration L83 
Nomograph set up properly? qAtP 
Care taken to avoid scraping sample'port or stack wall? 

Seal around'in-stack probe effective? y& 
Probe moved at proper time? 
Nozzle and Pitot tube parallel to'stack wall at all times? 

Data €oms complete'and data properly recorded? 
Nomograph setting changed when stack temperature changes 

significantly? 
Velocity pressures and orifice'pressure readings recorded 

accurately? 
Posttest leak check performed?* (mandatory) 

Sampling Recovery 

System purged at least 15 min at test sampling rate?* 
Filter placed in 1st impinger contents? 
Ice removed before purging? 
Contents of impingers placed in'polyethylene bottles? 
Glassware rinsed with distilled water? 
Fluid level marked?* v d  
Sample containers sealed and identified?*/ 
Blanks obtained?* 

y~ - 
' y u  Leakage rate* 0.N 7 4  Ym #N 

+ __yIcc)__ 
w 

& 
/ 

* Most significant items/parameters to be checked. 

Figure 4.4. On-site measurements checklist. 
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T a b l e  4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS 

Apparatus 

Sampling 

Preparation 
and/or addi- 
tion of ab- 
sorbing rea- 
gents to col- 
lection sys- 
tem 

Filter 

Assembling sam- 
pling train 

Sampling (iso- 
kinetically) 

- 

Acceptance limits 

100 ml of 80% isopro- 
panol to first impinge1 
and 100 ml of 3% H 0 
to each of the sec6J 
and third impingers 

Properly centered; no 
breaks, damage, or con- 
tamination during load- 
ing 

1. Assemble to speci- 
fications in Fig. 1.1 

2. 
O.gOOS7 m9/ min (0 .02 
f t /min) 

Leaka e rate d.4 or 

1. Sampling must be 
performed within - +lo% 
of isokinetic 

2.  Check applicable 
standard for minimum 
sampling time and vol-  
ume; qin imum sampling 
time/point should-be 
2 min 

3 .  Sampling rate shoul, 
not exc ed 0.03 m /min 
(1.0 ft /min) 

3 
5 

Frequency and method 
of measurement 

Prepare H202 and 80% 
isopropanol fresh 
daily; use pipette or 
graduated cylinder to 
add solutions 

Use tweezers or surg- 
ical gloves t o  load 

1. Before each sam- 
pling 

2.  A leak check be- 
fore sampling is re- 
commended; plug the 
nozzle or inlet to 
the first impinger 
and pull a vacuum of 
380 m (15 in.) Hg 

1. Calculate for eacl 
sample run 

2.  Make a quick cal- 
culation before and 
an exact calculation 
after testing 

3 .  Select proper noz- 
zle size. Sec. 3.7.4, 
Eq. 4-1 

Action if 
requirements 
are not met 

Reassemble col- 
lection system 

Discard fil- 
ter and 
reload 

1. Reassemble 

2. Correct leak 

1. Repeat 
sample or 
obtain accept- 
ance from a 
represent at ive 
of the 
Administrator 

2.  As above 

3 .  As above 

( continued) 
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Apparatus 

Table 4.1 (continued) 

Frequency and method 
Acceptance limits of measurement 

4 .  Minimum number of 
points sampled, as spe- 
cified by Meth. 1 

~ 5. Leakage rate not to 
exceed Oj00057 m /min 
( 0 . 0 2  ft /min) or 4% of 
average sampling rate; 
apply correction to 
sample volume if rate 
is exceeded 

3 

2 6 .  Purge remaining SO 
from isopropanol 

I 
I 

Sample recovery Noncontaminated sample 

Sample logistics 1. All data recorded 
(data) and correctly 
packing of 
equipment 

2. All equipment exam- 
ined for damage and la- 
beled for shipment 

3.  All sample contain- 
ers properly labeled 
and packaged 

-- 
Action if 
requirements 
are not met 

4 .  Check before the 4. As above 
first test run by mea- 
suring duct and Sam- 
pling site location 

5 .  Leak check after 
each test run or be- 
fore equipment re- 
placement during a 
run at maximum vacuum 
occurring during the 
run (mandatory) 

5. Correct 
sample volume 
or repeat 
sample 

6 .  Drain ice, and 

for 15 min 
purge with 

Transfer sample to 
labeled polyethylene 
container after each 
test run. Mark level 
of solution in the 
container 

1. Upon the comple- 
tion of each sample 
and before packing 
for shipment 

2. As above 

-- 

3 .  Visually check up 
on completion of each 
sample 

Repeat 
sample 

1. Complete 
data 

2. Repeat 
sampling if 
damage occur- 
red during 
testing 

3 .  Correct 
when possible 
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5.0 POSTSAMF'LING OPERATIONS 
Table 5.1 at the end of this section summarizes quality 

assurance activities for postsampling operations. 
5.1 Apparatus Checks 

Posttest checks have to be conducted on most of the 
sampling apparatus. These checks include three calibration 
runs at a single orifice meter setting; cleaning; and/or 
routine maintenance. The cleaning and maintenance will be 

5 discussed in Section 3.7.7, and is discussed in APTD-0576. 
Figure 5.1 should be used to record data from the posttest 
checks. 
5.1.1 Meterinq System - The metering system has two 
components that must be checked--the dry gas meter and the dry 
gas meter thermometer(s). 

The dry gas meter thermometer(s) should be checked by 
comparison with the ASTM mercury-in-glass thermometer at room 
temperature. If the readings agree within 6OC (10.8OF), they 
are acceptable; if not, the thermometer must be recalibrated 
according to Section 3.7.2 after the posttest check of the dry 
gas meter. For calculations, the dry gas meter thermometer 
readings (field or recalibration) that would give the higher 
temperature is used; that is, if the field reading is higher, 
no correction of the data is necessary; if the recalibration 
value is higher, the difference in the two readings should be 
added to the average dry gas meter temperature reading. 

The posttest check of the dry gas meter is described in 
Section 3.7.2. If the posttest dry gas meter calibration factor 
(Y) is within 5% of the initial calibration factor, the initial 
calibration is used for calculations; if it deviates by >5%,  re- 
calibrate the metering system ( a s  shown in Section 3.7.2) and use 
f o r  the calculations the calibration factor (initial or recali- 
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Meter box number  fry^ .. 1 

Dry Gas Meter 

Pretest calibration factor Y = 0 . 9 9 6  
Posttest check Y1 = ~ . 9 5 1  Y2 - - (55% of pretest calibra- 
tion factor 1 * 

Recalibration required? yes J no 
If yes, recalibration factor Y = (within +2% of the average - 
factor for each calibration run) 

Lower calibration factor, Y = ~ . q b b  for pretest or posttest 
calculations 

Dry Gas Meter Thermometer 

Was a pretest meter temperature correction used? - yes 
If yes, temperature correction - 
Posttest comparison with mercury-in-glass thermometer 

Recalibration required? yes no 

no 

(within +6OC (10.8OF)of the reverence values) 

(within +3OC - Recalibration temperature correction, if used - 
(5.4OF) of the reference values) 

If yes, no correction is needed 
temperature is higher 

If recalibration temperature is 
average meter temperature for 

whenever meter thermometer 

higher, add correction to 
calculations 

Barometer 

Was pretest field barometer reading correct? yes no 
Posttest comparison 
Hg of mercury-in-glass barometer) 

If yes, no correction is needed whenever the field barometer 
has the lower reading 

If the mercury-in-glass reading is lower, subtract the dif- 
ference from the field data readings for the calculations 

mm (in.) Hg within (+5.0 mm (0.2 in.) - 
Was recalibration required? yes J no 

*Most significant items/parameters to be checked. 

Figure 5.1. Posttest sampling checks. 
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brated) that yields the lesser gas volume. For each test run, 
the lesser calibration factor will give the lower gas volume. 
5.1.2 Barometer - The field barometers are acceptable if they 
agree within +5 mm ( 0 . 2  in.) Hg when compared with the 
mercury-in-glass barometer. When they do not agree, the 
lesser calibration value should be used for the calculations. 
If the field barometer reads lower, no correction is 
necessary. If the mercury-in-glass barometer reads lower, 
subtract the difference from the field data readings for the 
calculations. 
5.2 Analysis (Base Laboratory) 

Calibrations and standardizations are of primary impor- 
tance to a precise and accurate analysis. The analytical 
method is based on the insolubility of barium sulfate (BaS04) 
and the formation of a colored complex between barium ions and 
the thorin indicator (l-(o-arsonophenylazo)-2-naphthol-3, 
6-disulfonic acid disodium salt). Aliquots from the impinger 
solutions are analyzed by titration with barium gerchlorate to 
the pink endpoint. The chemical reaction for this standardiza- 
tion is shown in Equation 5-1. The barium ions (Ba") react 
preferentially with sulfate ions (SO4-) in solution to form a 
highly insoluble barium sulfate (BaS04) precipitate. 
Ba++ has reacted with a l l  SO4 , excess Ba reacts with the 
thorin indicator (x++) to form a metal salt of the indicator 
and to give a color change: 

- 

- 

- 

After the 
++ - - 

++ Ba 

each 
data 
form 
with 

++ - - 
+ so4 + thorin(x++) + BaSQ4 + thorin(Ba ) Equation 5-1 

(yellow) (pink) 
Upon completion of each step of the standardization or of 
sample analysis, the data should be entered on the proper 
form. At the conclusion of the sample analysis, the data 
should be reviewed and signed by the laborqtory person 
direct responsibility for the sample. 
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5.2.1 Reaqents (Standardization and Analysis) - The following 
reagents are required for the analysis of the sulfuric acid 
mist (including SOg) and the SO2 samples. 

Water - Deionized distilled water to conform to ASTM 

specification D1193-74, Type 3. At the option of the analyst, 
the KMn04 test for oxidizable organic matter may be omitted 
when high concentrations of organic matter are not expected to 
be present. Note: It is imperative that the distilled water 
meet the ASTM specifications since SO4 and other polyvalent 
ions present in distilled water are not determined in the 
normal standardization of the acid by NaOH titration (which 
measures the hydrogen ion (H') concentration rather than the 
SO4 concentration). This added SO4 concentration would 
result in an erroneous standardization of the Ba(C104)2 
titration, which directly measures SO4 concentration and not 
H+ concentration. A check on the acceptability of the 
distilled water is detailed in Section 3.7.1. 

Isopropanol, 100% - Certified ACS reagent grade isopro- 
panol. Check for peroxide impurities as described in Section 
3.7.1. 

Thorin indicator - 1-o-arsonophenylazo-2-naphthol-3, 
6-disulfonic acid disodium salt, or equivalent. Dissolve 0.20 
g +O.OOZ g in 100 ml of deionized distilled water. Measure 
the distilled water in a 100-ml Class-A graduated cylinder. 

Barium perchlorate solution 0.0100N - Dissolve 1.95 g of 
barium perchlorate trihydrate (Ba(C104)2 . 3H20) in 200 ml of 
deionized distilled water and dilute to 1 2  with isopropanol. 
Alternatively, 1.22 g of barium chloride dihydrate (BaC12 . 
2H20) may be used instead of the trihydrate. Standardize as in 
the subsection below with H2S04 .  Note: Protect the 0.0100N 
barium perchlorate solution from evaporation at all times by 
keeping the bottle capped between uses. 

Sulfuric acid standard, 0.0100N - Either purchase a 
standard guaranteed by the manufacturer or standardize to 

- - 

- - - - 

- - 

- 
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- +0.0002N H2S04 against 0.0100N NaOH that has been standardized 
against potassium acid phthalate (primary standard grade) , as 
described in the subsection below. 
The 0.01N H2S04 may be prepared in the following manner: 

a. Prepare 0.5N H2S04 by adding approximately 1500 ml 
of deionized distilled water into a 2 2 volumetric flask. 

b. Cautiously add 28 ml of concentrated H2S04 and mix. 
Cool, if necessary. 

c. Dilute to 2 2 with deionized distilled water. 
d. 

of deionized distilled water to a 1 2  volumetric flask. 
Prepare 0.01N H2S04 by adding approximately 800 r n l  

Add 20.0 ml of the 0.5N H2S04. e. 
f. Dilute to 1 2 with distilled water and mix 

thoroughly. Note: - It is recommended that 0.1N sulfuric acid 
be purchased. Pipette 10.0 ml of H2S04(0.1N) into a 100-ml 
volumetric flask, and dilute to volume with deionized 
distilled water that has been determined to be acceptable as 
detailed in Subsection 5.2.4. When the 0.01N sulfuric acid is 
prepared in this manner, procedures in Subsections 5.2.2. and 
5.2.3. may be omitted since the standardization of the barium 
perchlorate will be validated with the control sample. 
5 . 2 . 2  Standardization of Sodium Hydroxide - To standardize 
NaOH, proceed as follows: 

1. Purchase a 50% w/w NaOH solution. Dilute 10 ml to 1 
2 with deionized distilled water. Dilute 52.4 ml of the 
diluted solution to 1 Q with deionized distilled water. 

2. Dry the primary standard grade potassium acid phtha- 
late (KHP) for 1 to 2 h at llO°C (23OoF) ,  and cool in desiccator. 

3. Weigh, to the nearest 0.1 mg, three 40-mg portions 
of the phthalate. Dissolve each portion in 100 ml of freshly 
boiled deionized distilled water in a 250-ml Erlenmeyer flask. 

4. Add two drops of phenolphthalein indicator, and 
phthalate solutions with the NaOH solution. All 
should be done against a white background to 

titrate the 
titrations 
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facilitate the detection of the endpoint-the first faint pink 
color that persists for at least 30 s. 

5. Compare the endpoint colors of the other two 
titrations against the first one. The normality is the 
average of the three individual values calculated using 
Equation 5-1. 

- - mg KHP Equation 5-1 "aOH ml titrant x 204.23 

where 

= calculated normality of NaOH, N, "a0H 
mg KHP = the weight of KHP, mg, and 

ml titrant = the volume of NaOH titrant, ml. 

The chemical reaction for this standardization is shown in 
Equation 5-2. The NaOH is added to the KHP and the colorless 
phenolpthalein solution until an excess of sodium ions (Na ) 

causes the phenolphthalein to change to a pink color. 

+ 

NaOH + KHP + phenolphthalein(H+) 

+ KNaP + HOH + phenolphthalein 

Equation 5-2 
(colorless) 

(pink) 

5.2.3 Standardization of Sulfuric Acid - To standardize 
H2S04, proceed as follows: 

1. Pipette 25 ml of H2S04 into three 250-ml Erlenmeyer 
flasks. 

2. Add 25 ml of deionized distilled water. 
3. Add two drops of phenolpthalein indicator, and 

titrate with the standardized NaOH solution to a persistent 
pink endpoint, using a white background. 

4. Titrate a blank of 25 ml of deionized distilled 
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water, using the same technique as step 3 above. The normal- 
ity will be the average of the three independent values calcu- 
lated using Equation 5-3. 

(ml NaO% so - m1 NaoHblank) "a0H Equation 5-3 2 4  - - 
NH2 SO4 25 

where 
= calculated normality of H2S04, N, NH2 SO4 

ml = volume of NaOH titrant used for H2S04, ml, NaOHH2s04 

= volume of NaOH titrant used m1 NaoHblank 
= normality of NaOH, N. "a0H 

for blank, and 

5.2.4 Standardization of Barium Perchlorate (0.0100N) = To 
standardize Ba(C104)Z, proceed as follows: 

1. Pipette 25 ml of standard 0.0100N H2S04 into each of 
three 250-ml Erlenmeyer flasks. 

2. Add 100 ml of reagent grade isopropanol and two to 
four drops of thorin indicator, and titrate to a pink endpoint 
using 0.0100N Ba(C104)2. All 

~ thorin titrations should be - done 

against a white background to facilitate the detection of the 
pink endpoint. 

3. Run a blank that contains 25 ml of deionized 
The blank must not distilled water and 100 ml of isopropanol. 

exceed 0.5 ml of titrant to obtain the endpoint; otherwise the - 
distilled water has excess SO4 - . If this 0.5-ml volume is 
exceeded, all reagents made with the distilled water will have 
to be remade using acceptable distilled water. 

comparator for the succeeding titrations. 
4. Use the endpoint of the first titration as a visual 

5. Record data on the form in Figure 5.2. The 
normality of the Ba(C104)2 will be the average of the three 
independent values calculated using Equation 5-4. 
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Sample location Oflit I /WV; /~  Analyst R. KLN~L 

Volume and normality of 2. 360 ml Ba(G104)2 N = 0. 81' 
barium perchlorate 

1. m l  Ba(C10412 

Blank u o  m l  Ba(C10412 

Sulfur Trioxide Analysis 

- Total volume of solution in which the 
sulfuric acid sample is contained, rdl 

Va - Volume of sample aliquot, ml 
Vt - Volume of barium perchlorate 1st titration 

2nd titration 

1st titration 
titrant used for blank, ml 2nd titration 

Average 

titrant used for sample, ml 
Average 

Vtb* - Volume of barium perchlorate 

I Run 1 I Run 2 1 Run 3 1 

Ist 
2nd titration = 0.99 to 1.01 or llst titration - 2nd titration I - (0.2 ml 

Sulfur Dioxide Analysis 

- Total volume of solution in which the 
sulfur dioxide sample is contained, ml vsol* 

Va - Volume of sample aliquot, ml 
Vt - Volume of barium perchlorate 1st titration 

2nd titration 
Average 

titrant used for sample, n i l  

Run 1 Run 2 Run 3 LA33 
v * - Volume of barium perchlorate 1st titration 
tb titrant used for blank, m l  2nd titration 

Average 

Ist titration = 0.99 to 1.01 or 1 1st titration - 2nd titration1 2nd titration 0.2 m l  

Signature of analyst 

Signature of reviewe 

* 
Volume of blank and sample titrated should be the same; otherwiee a 
volume correction must be made. 

Figure 5.2. Method 8 analytical data form. 
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NHzS04 x 25 
- - 

NBa( C104)2 ml Ba(C104)2 Equation 5-4 

where 

= calculated normality of Ba(C104)2, N, NBa ( CIOq ) 

NH2 SO4 = normality of standard H2S04, N, and 

ml Ba(C104)2 = volume of Ba(C104)2 required to titrate 
H2S04, ml. 

The chemical reaction for this standardization is shown in 
Equation 5-5. The Ba++ reacts preferentially with SO4 in 
solution to form a highly insoluble BaS04 precipitate. When 
the Ba++ has reacted with all of the SO4 , the excess Ba++ 
reacts with the thorin indicator (x++) to form a metal salt of 
the indicator and to give a color change. 

- - 

- - 

++ - - 
Ba++ + SO4 + thorin (x++) + BaS04 + thorin (Ba ) Equation 5-5 

(Pink) ( ye1 low ) 

The standardized Ba(C104)2 should be protected from 
evaporation of the isopropanol at all times. Note: It is 
suggested that the analyst unfamiliar with this titration 
carry out titrations on aliquots of low, medium, and high 
concentrations in the following manner: 

1. Pipette 3.0-, 10.0-, and 20-ml aliquots of 0.01N 
H2S04 into three 250-ml Erlenmeyer flasks. 

2. Dilute each to 25 ml with distilled water. 
3 .  Add a 100-ml volume of 100% isopropanol and t w o  to 

four drops of thorin indicator to each flask. 
4. Titrate with Ba(C104)2 to become familiar with the 

endpoint. 
5.2.5 Control Samples - The accuracy and precision of the 
sample analysis should be checked. The accuracy of the 
analysis technique is determined by control samples; the 
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precision, by duplicate analyses of both the control and the 
field samples. Acceptable accuracy and precision should 
demonstrated on the analysis of the control samples prior 
the analysis for the field samples. 

Each control sample should be prepared and analyzed 
the following manner: 

be 
to 

in 

1. Dry the primary standard grade ammonium sulfate 
((NH4)2S04) for 1 to 2 h at llO°C (230°F), and cool in a desic- 
cator. 

2. Weigh, to the nearest 0 . 5  mg, 1.3214 g of primary 

3. Dissolve the reagent in about 1800 r n l  of distilled 

4. Dilute to the 2-Q mark with distilled water. The 

5. Enter all data on the form shown in Figure 5.3. 
6. Pipette 25 r n l  of the control sample into each of 

four 250-ml Erlenmeyer flasks, and prepare a 25-ml blank of 
distilled water in a fourth 250-ml Erlenmeyer flask. Note: 
Each control sample will contain 16.5 mg of ammonium sulfate. 

7. Add 100 ml of reagent grade isopropanol and t w o  to 
four drops of thorin indicator to each flask. 

8 .  Initially titrate the blank to a faint pink endpoint 
using t h e  standardized Ba(C104)2. The blank must contain 
(0.5 ml of titrant; otherwise, the distilled water is 
unacceptable for use in this method. 

9. Titrate two of the control samples with the stand- 
ardized Ba(C104)2 to a faint pink endpoint, using the blank 
endpoint that persists for at least 30 s .  All titrations 
should be done using a white background. 

10. If the titrant volumes from the first two control 
samples agree within 0.2 ml, the average of the two values can 

standard grade (NH4)2S04. 

water in a 2-Q volumetric flask- 

resulting solution is 0.01N (NH4)2S04. 

be used to complete the calculations shown in Figure 5.3. If 
the agreement is not within 0.2 ml, titrate the third control 
sample. If the third titrant volume agrees within 0.2 ml of 
either of the first two samples, use the two titrant volumes 
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Plant “s&/&Ri~ Ac/A /?&#7 Date analyzed 9 h  2/78 
0. o / o  n, NBa ( C104 ) Analyst R. KL(NT2 

Weight of ammonium sulfate is 1.3214 gram? q & ‘ S  
Dissolved in 2 Q of distilled water? u g s  

I 

Titration of blank 0.0 ml Ba(C10 ) 
(must be less than the 0.5 ml titr$n?) 

Control 
Sample 
Number 

I 

Time of I 
A n a l v n i s  1 Titrant 

A --- ----- 
24 h I 1st 

Jolume 
3rd 

(Two consecutive volumes must agree within 0.2 ml) 

25 ml X 0.01N - - 
m1 Ba(C104)2 NBa(C104)2 (control sample) (control sample) 

.f5. 0 ml x p. 810 N = 0 a s 0  

(must agree within +5%, i.e., 0.233 to 0.268) 

Does value agree? yes - no 

Signature of analyst 

Signature of reviewer 

Figure 5.3. Control sample analytical data form. 

i 
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that are consistent for the remaining calculations. When this 
criterion cannot be met with the first set of two control 
samples, the analyst should follow the same procedure on a 
second set of two control samples. 

11. If the criterion cannot be met for the second set of 
control samples, the analyst should have the analytical 
techniques observed by a person knowledgeable in chemical 
analysis. 

12. After consistent titrant volumes are obtained, the 
calculation of the analytical accuracy should be completed, as 
shown in Figure 5.3. If the measured value is within 25% of 
the stated value, the technique is considered acceptable, and 
the field samples may be analyzed. When the 55% accuracy 
cannot be met, the barium perchlorate must be restandardized, 
or the control sample must be checked until the accuracy 
criterion of the control sample analysis can be obtained. 
The 5% accuracy limit is based on the control limit from EPA 
audits discussed in Section 3.5.8. 

13. The recommended frequency for analysis of control 
samples is the following: 

a. Analyze two control samples each analysis day 
immediately prior to analysis of the actual collected source 
samples. 

b. Analyze two control samples after the last col- 
lected source sample is analyzed each analysis day. 

14. Enter results from the control sample analyses on 
Figure 5.3 and submit Figure 5.3 with the source test report 
as documentation of the quality of the source test analysis. 
5.2.6 Sample Analysis - Check the level of liquid in the 
container, determine whether any sample was lost during 
shipment, and note this on Figure 4.3. Figure 5.4 can be used 
to check analytical procedures. If a noticeable amount of 
leakage has occurred, follow the alternative method prescribed 
below. Approval should have been requested prior to testing 
in case of subsequent leakage. The alternative method is as 
follows: 
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Reaqents 

Normality of sulfuric acid standard* 0. 0 J 0 0 

Date of purchase 6 17 /?* Date standardized U / f i  
Normality of barium perchlorate titrant* 0. (3 I 0 

Normality of control sample* 

Volume of burette* Graduations 0 .  I 

Sample Preparation 

Has liquid level noticeably changed? Ua 
Original volume u/19 Corrected volume h) / R  
Sulfuric acid samples diluted to 250 ml?* J 

Sulfur dioxide sanples diluted to 1000 ml?* J 

Date standardized 

Date prepared 9 h a  

9 I &a 173 

f i .or0 - 

Analysis 

Volume of aliquots analyzed* 10 /So, 100 -1 ]&SO, 
Do replicate titrant volumes agree within 1% or 0.2 ml? 
Number of control samples analyzed I 
Are replicate control samples within 0.2 ml? 
Is accuracy of control sample analysis +4%? 
All data recorded? 

F 

-_ jLkL____ 
) ~ p z  

Reviewed by ~n --yer-- 

* 
Most significant items/parameters to be checked. 

Figure 5.4. Posttest operations. 
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1. 
2 .  Transfer the sample to a 100-ml volumetric flask. 
3. Put water in the sample storage container to the 

initial sample mark, and measure the initial sample volume 

Mark the new volume level of the sample. 

4. Put water in the sample storage container to the 
mark of the transferred sample, and measure the final volume 
(Vsoln I *  

i 
5. U s e  Equation 5-6 to correct the sample volume 

) if the final volume (vsoln ) is >50% of the initial ('soln 

volume. 
f 

Equation 5-6 - "solnt - 'soln 

where 

= sample volume that will be used for the sample 
'soln' ,calculations, ml, 

= total volume of solution in which the sample 
'"ln is contained, ml, 

= initial sample volume placed in sample storage 
'solni container, ml, and 

= final sample volume removed from sample storage 
'solnf container, ml . 
6. Report both the corrected and the uncorrected values 

to the Agency, and proceed with the applicable analysis listed 
below. 

Sulfuric acid mist (includinq SO,) analysis - Proceed 
with the analysis as follows: 

1. Shake the container holding the isopropanol solution 
and the filter. If the filter breaks up, allow the fragments 
to settle for a few minutes before removing a sample. 

2. Pipette a 100-ml aliquot of this solution into a 
250-ml Erlenmeyer flask. 
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3. Add two to four drops of thorin indicator, and 
titrate to a pink endpoint using 0.0100N Ba(C104)2. 

4. Repeat the titration with a second aliquot from the 
same sample. Replicate titrant volumes should be within 1% or 
0.2 ml, whichever is greater. If the titrant volumes do not 
meet this criterion, repeat analyses on new aliquots until two 
consecutive titrations agree within 1% or 0.2 ml, whichever is 
greater. 

5. Record all data on Figure 5.2. The consistent 
titrant volumes should be averaged and used as Vt in subse- 
quent calculations. All analytical data must then be reviewed 
by an individual familiar with procedures. The review of the 
data will also be noted on Figure 5.2. Note: Protect the 
0 .  OlOON Ba( C104)2 -solution from evaporation at all times. 

Sulfur dioxide analysis - Proceed with the SO2 analysis 
as foiiows: 

1. Thoroughly mix the solution in the container holding 

2. Pipette a 10-ml aliquot of the sample into a 250-ml 

3. Add 40 ml of isopropanol and two to four drops of 

Titrate to a pink endpoint using 0.0100N Ba(C104)Z. 
Note: - Protect the 0.0100N Ba(C104)2 solution from evaporation 
at all times. Repeat titration with a second aliquot from the 
same sample. Replicate titrant volumes should be within 1% or 
0.2 ml, whichever is greater. If the titrant volumes do not 
meet this criterion, repeat analyses on new aliquots until two 
consecutive titrations are within 1% or 0.2 ml, whichever is 
greater. 

5. Record all data on the Method 8 ,  Figure 5.2. The 
consistent titrant volumes 
in subsequent calculations. All analytical data must then be 
reviewed by an individual. familiar with procedures. The 
review of the data should also be noted on Figure 5.2. 

the contents of the second and third impingers. 

Erlenmeyer flask. 

thorin indicator. 
4. 

should be averaged and used as V t 
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Blanks - Prepare blanks by adding two to four drops of 
thorin indicator to 100 ml of 80% isopropanol. Titrate the 
blanks in the same manner as the samples. Record on 
Figure 5.2 in the space provided. 

To aid the analyst or reviewer .in a method of checking 
the analytical steps or procedures, the posttest operations form 
Figure 5.4 is given. 
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Acceptance limits 

Within +5% of  pretest 
calibration factor 

Within + 6 O C  (10.8OF) at 
amb i en t -t emp e r a t u r e 

Within +5 .0  nun (0.2 in.) 
Hg at aGbient pressure 

T a b l e  5-1. ACTIVITY MATRIX FOR POSTSAMPLING 

Frequency and method 
of measurement 

Make three runs at 
one intermediate ori- 
fice setting and at 
highest vacuum of 
test (Sec. 3.7.2) 

Compare with mercury- 
in-glass thermometer 
after each test 

-- 
Compare with mercury- 
in-glass barometer 
after each test 

OPERATIONS 

Prepare according to 
Sec. 3.7.5 

Titrants differ by ( 0 . 2  
ml; analytical resuits 
within +5% of stated 
va h e  

Titrants differ by 51% 
or 0.2 ml, whichever is 
greater 

Apparatus 

Prepare and/or stand- 
ardize within 24 h of 
ana lys is 

Before and after 
analysis of field 
samples 

Titrate until two or 
more aliquots agree 
within 1% or 0.2 ml, 
whichever is greater; 
review all analytical 
data 

~~ ~~ ~ ~~ 

Sampl inq 
Apparatus 

Dry gas meter 

Meter the rmome- 
ter 

- -  

Barometer 

Analysis 

Reagents 

Control sample 

Sample analysis 

I 

Action if 
requirements 
are not met 

Re ca 1 ibra te 
and use cali- 
bration factor 
that gives 
lower sample 
volume 

Recalibrate 
and use higher 
temperature 
for calcula- 
tions 

Recalibrate 
and use lower 
barometric 
values for 
calculations 

Prepare new 
solutions and/ 
or restan- 
dardize 

Prepare new 
solutions and/ 
or restan- 
dardize 

Void sample 
if any two 
consecutive 
titrations 
do not meet 
criterion 
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6.0 CALCULATIONS 
Calculation errors due to procedural or mathematical 

mistakes can be a large component of total system error. 
Therefore, it is recommended that each set of calculations be 
repeated or spot-checked, preferably by a team member other 
than the one who performed the original calculations. If a 

difference greater than typical round-off error is detected, 
the calculations should be checked step by step until the 
source of error is found and corrected. A computer program is 
advantageous in reducing calculation errors. Use a computer 
program that prints the input data back out so that it can be 
checked. If a standardized computer program is used, the 
original data entry should be checked; if differences are 
observed, a new computer run should be made. Table 6.1 at the 
end of this section summarizes the quality assurance 
activities for calculations. 

Calculations should be carried out retaining at least one 
decimal figure beyond that of the acquired data and should be 
rounded after final calculation to two significant digits for 
each run or sample. All raunding of numbers should be in 
accordance with the ASTM 380-76 procedures. Record all 
calculations on Figures 6.1A or B and on Figures 6.2A or B, or 
on similar forms, following the nomenclature list. 
6.1 Nomenclature 

The nomenclature is used in the calculations that follow 
this alphabetical list. 

Cross-sectional area of nozzle, m2 ( ft2). 

Water vapor in the gas stream, proportion by 
volume. 

Sulfuric acid (including SO3) concentration, 
g/dscm (lb/dscf). 
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C = Sulfur dioxide concentration, g/dscm (lb/dscf). 
s02 

I = Percent of isokinetic sampling, %. 

N = Normality of Ba(C104)2 titrant, g-eq/a. 

= Barometric pressure at the sampling site, mm 
(in.) Hg. 

Ps = Absolute stack gas pressure, mm (in.) Hg. 

= Standard absolute pressure, 760 mm (29.92 in.) 
Hg 'std 

Tm = Avegage absolute dry gas meter temperature, 
K ( R). 

Ts = Avegage absolute stack gas temperature, 
K ( R). 

= Standard absolute temperature, 293K (528'R). 

Va = Volume of sample aliquot titrated, 100'ml for 
Ts td 

H2S04 and 10 ml for SOz.  

- 
vlc - 

- - 
'm( std) 

- 
vs - 

- - 
"soln 

- 
Vt - 

- 
- 

Y =  

Total volume of liquid collected in impingers 
and silica gel, ml. 

Volume of gas sample measured by dry gas meter, 
dcm (dcf). 

Volume of gas sample measured by the dry gas 
meter and corrected to standard conditions, dscm 
(dscf) . 
Average stack gas velocity calculated by Method 
2, using data from Method 8 ,  m/s (ft/s). 

Total volume of solution in which the H2S04 or 
SO sample is contained, 250 ml or 1000 ml, 
reiipectively . 
Volume of Ba(C104)2 titrant used for the sample, 
ml 

Volume of barium perchlorate titrant used for 
the blank, ml. 

Dry gas meter calibration factor. 
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AH = Average pressure drop across orifice meter, nun 
(in.) H20. 

8 = Total sampling time, min. 

13.6 = Specific grav4ty of mercury. 

60 = s/min. 

100 = Conversion to percent. 

6.2 Calculations 
The following are the formulas used to calculate the 

concentrations of sulfuric acid mist (including SO3 and SO2) 
along with the calculation forms (Figures 6.1A, 6.1B, 6.2A, 
and 6.2B) used to record the data. 
6.2.1 Dry Sample Gas Volume, Corrected to Standard Conditions - 
standard conditions 2OoC and 760 mm (68OF and 29.92 in. Hg) by 
using Equation 6-1. The average dry gas metes temperature and 
average orifice pressure drop are obtained by averaging the 
field data (see Figure 4.1). 

Correct the sample volume measured by the dry gas meter to 

= VmY c;:) - b a r  + 'q Equation 6-1 
'm( std) 'std 

r AH 1 + -  = K ~ V ~ Y  1 qbar Tm 1 3 e 6 J  

where - 

K1 = 0.3858 K/mm Hg for metric units, or 

= 17.64OR/in. Hg for English units. 

Note: If the leakage rate observed during any mandatory leak 
check exceeds the specified acceptable rate, the tester should 
either correct the value of Vm in Equation 6-1 (as described 
in Reference Method 5) or invalidate the test run. 
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Sample Volume 

Equation 6-1 

= gg._g& ft3 1 pbar + (AH/13.6) 
= 17.64 Vm Y 

std Tm 'm 

Sulfuric Acid Mist (Including SO3) Concentrations 

Equation 6-2 

1 N(Vt - Vtb) ( Vsoln 

= . 8 / /$ x lb/dscf - - - -  'a = 1.081 x 

std 'H2S04 vm 

Figure 6.1A.  Sulfuric acid mist (including SO3) calculation 
form (English units). 
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Sample Volume 

Equation 6-1 

3 
= L-12-7Q 1 + (AH/13.6) 

= 0 . 3 8 5 8  V, Y 
k t d  

Sulfuric Acid Mist (Including SO3) Concentrations 

L 

Equation 6-2 

Figure 6.1B. Sulfuric acid mist (including SO3) 
calculation form (metric units). 
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Sample Volume 

Vm = fz.&80_ ft3, Tm = sf*.& OR, P = 2 9 .  9 6  in. Hg bar - - - - 
Y = 1. 416, AH = /.I9 in. H ~ O  - - - - -  

= 17.64 Vm Y 
s td vm 

Equation 6-1 

= - - - -  ~ / % p ~ f ~ ~  I 'bar + (AH/13.6) 
Tm 

Sulfuric Acid Mist (Including SO3)  Concentrations 

Equation 6-2 

N(Vt - Vtb) ( 'soln 

=Q-l - -  7 7 x lb/dscf C = 7.861 Va 
s t d  s02 'm 

Figure 6.2A. Sulfur dioxide calculation form (English units). 

.- - ~ 



Section No. 3.7.6 
Revision No. 0 
Date May 1, 1979 
Page 7 of 10 

Sample Volume 

Equation 6-1 

= 0.3858 Vm Y [.,,, + (AH/13*6)] = L.32 (r m 3 
Vmstd Tm 

SO2 Concentration 

Equation 6-2 

= e.,2 P g/dscm 1 - Vtb) ( ["" 
= 3.203 x 

Vmstd 
CS02 

Figure 6.2B. Sulfur dioxide calculation form (metric units). 
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6.2.2 Volume of Water Vapor and Moisture Content - Calculate 
the volume of water vapor and moisture content of the stack 
gas as described in Sections 6.4  and 6 . 5  of Method 5, 
respectively. 
6.2.3 Sulfuric Acid Mist (Includinq SO3) Concentration - 

where 

Eqyation 6-2 

K2 = 0.04904 g/meq for metric units, o r  

= 1.081 x l o B 4  lb/meq for English units. 
6.2 .4  Sulfur Dioxide Concentration - 

where 

K3 = 0.03203 g/meq f o r  metric units, or 

= 7.061 x lb/me'q for English units. 

6.2.5 Isokinetic Variation ( I )  in Raw Data - 

where 
K4 = 0.003464 mrn Hg-m 3 /ml-K for metric units, or 

= 0.002676 in. Hg-ft 3 /ml-OR f o r  English units. 
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6.2.6 Isokinetic Variation (I) in Intermediate Values - 
r 1 
p s  Vm(std)PstdJ 100 

60 0 VsPsAn I =  
Tstd 

*s"m( std) 

where 

K5 = 4.320 for metric units, or 

= 0.09450 for English units. 

Equation 6-5 

6.3 Acceptable Results 
If 90% - < I U O % ,  the results are acceptable. If the 

results are low in comparison with the standards and if the I 
is beyond the acceptable range, the administrator may opt to 
accept the results. Otherwise, the results may be rejected 
and the test repeated. It is suggested that, for Method 8 

tests, the data not be rejected only because of noncompliance 
with isokinetic requirements. 
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Table 6.1. ACTIVITY MATRIX FOR CALCULATION CHECKS 

I 1 I 

Characteristics 

Analysis data 
form 

Calculations 

Acceptance limits 

All data and calcula- 
tions given 

Difference between 
check and original cal- 
culations not to exceed 
round-off error; retain 
at least one decimal 
figure beyond that of 
acquired data 

Frequency and method 
of measurement 

Visually check 

Repeat all calcula- 
tions, starting with 
raw data for hand cal- 
culations; check all 
raw data input to com- 
puter calculations; 
hand calculate one 
s amp le/ t e s t 

Action if 
requirements 
are not met 

Complete 
missing 
data values 

Indicate 
errors on 
analysis data 
form, Fig. 
6.3 

Isokinetic 
variations 

90% < I < 110% - -  For each traverse 
point, calculate I 

Repeat test 
and adjust 
flow rates 
to maintain 
I within 10% 
va ria t ion 
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7.0  MAINTENANCE 

The normal use of emission t e s t i n g  equipment subjects it 
t o  corrosive gases, extremes i n  temperature, vibrat ions,  and 
shocks. Keeping the  equipment i n  good operating order over an 
extended period of t i m e  requires a knowledge of t he  equipment 
and a program of rout ine maintenance which i s  performed 
quar te r ly  o r  a f t e r  28.4 m3 (1000 f t 3 )  of operation, whichever 
is greater. In addi t ion t o  the  quar te r ly  maintenance, a 
year ly  cleaning of the e n t i r e  meter box is  recommended. 
Maintenance procedures f o r  the  various components are  
summarized i n  Table 7 .1  a t  the end of t h i s  subsection. 

The following procedures a re  not  required,  b u t  a re  
recommended t o  increase the  r e l i a b i l i t y  of the  equipment. 
7 . 1  Pumps 

In  the  present  commercial sample t r a i n ,  several  types of 
pumps a re  used. The two most common are the  f i b e r  vane pump 
with in- l ine  o i l e r  and the  diaphragm pump. The f i b e r  vane 
pump requires a per iodic  check of the  o i l e r  j a r ;  i t s  contents 
should be t ranslucent  a t  the t i m e  of f i l l i n g  and a t  each 
per iodic  check, and it i s  recommended t h a t  the o i l  be changed 
i f  it i s  not  t ranslucent .  U s e  the  o i l  specif ied by the 
manufacturer; i f  none is  specif ied,  use SAE 10 ,  nondetergent 
o i l .  Whenever the  f i b e r  vane pump s t a r t s  t o  run e r r a t i c a l l y  
o r  during the  year ly  disassembly, the  head should be removed, 
and the  fiber vanes should be changed. E r r a t i c  operation of 
the diaphragm pump is normally due e i t h e r  t o  a bad diaphragm, 
which w i l l  cause leakage, o r  t o  malfunction of the  valves,  
which should be cleaned annually by complete disassembly of 
the  t r a i n .  
7.2 D r y  Gas Meters 

The dry gas meter should be checked fo r  excess o i l  o r  
corrosion of t h e  components by removing the top p l a t e  every 
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3 mo. The meter should be disassembled, and all components 
should be cleaned and checked when the rotation of the dials 
is erratic, when the meter will not calibrate properly over 
the required flow rate range, and during yearly maintenance. 
7.3 Sample Train 

All remaining sample train components should be checked 
visually every 3 mo and disassembled completely and cleaned or 
replaced yearly. Many of the items such as quick disconnects 
should be replaced when damaged rather than checked periodi- 
cally. Normally, the best procedure for maintenance in the 
field is to use another entire unit such as a meter box, 
sample box, or umbilical cord (the hose that connects the 
sample box and the meter box) rather than to replace 
individual components. 
7.4 Inclined Manometer 

The fluid in the inclined thermometer should be changed 
whenever there is discoloration or visible matter in the fluid 
and during the yearly disassembly. No other routine main- 
tenance is required since the inclined manometers will be leak 
checked during both the leak check of the Pitot tube and the 
leak check of the entire control console. 
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Table 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS 

Ap p a r a t us 

Routine main- 
tenance 

F i b e r  vane puq 

Diaphragm pump 

Dry gas  meter 

Inc l ined  mano- 
meter 

Sample t r a i n  

~ 

Nozzle 

q u a r t e r l y .  Disas- 
semble and c l ean  

I n - l i n e  o i l e  

t i o n i n g  p rope r ly  y e a r l y  disassembly 

t i o n  of t h e  d i a l  

and diaphragm when 
meter d i a l  runs er- 
r a t i c a l l y  o r  when me-  
ter w i l l  n o t  c a l i -  

No d i s c o l o r a t i o n  o r  Check p e r i o d i c a l l y  Replace p a r t s  
v i s i b l e  matter i n  t h e  dur ing  yearly disas-  as needed 
f l u i d  s emb l y  

No damage Vi sua l ly  check every I f  f a i l u r e  
3 mo and completely noted,  u se  
disassemble and c l ean  another  e n t i r e  
o r  r ep lace  y e a r l y  con t ro l  con- 

s o l e ,  sample 
box, o r  
umbi l i ca l  cord 

No d e n t s ,  co r ros ion ,  o r  V i sua l ly  check be fo re  Use another  
o t h e r  damage and a f t e r  each tes t  nozzle  o r  

run c l ean  o u t ,  
sharpen,  and 
r e c a l i b r a t e  

I I 
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8 . 0  AUDITING PROCEDURE 
An audit is an independent assessment of data quality. 

Independence is achieved if the individual(s) performing the 
audit and their standards and equipment are different from the 
regular field crew and their standards and equipment. Routine 
quality assurance checks by a field team are necessary in 
generation of good quality data, but they are not part of the 
auditing procedure. Table 8.1 at the end of this. section 
summarizes the quality assurance functions for auditing. 

Based on the results of a collaborative test’ of Method 
8, two specific performance audits are recommended: 

1. Audit of the analytical phase of Method 8 ,  and 
2. Audit of data processing. 

It is suggested that a systems audit be conducted as specified 
by the quality assurance coordinator, in addition to these 
performance audits. The t w o  performance audits and the 
systems audit are described in detail in Subsections 8.1 and 
8.2, respectively. 
8.1 Performance Audits 

Performance audits are made to quantitatively evaluate 
the quality of data produced by the total measurement system 
(sample collection, sample analysis, and data processing). It 
is recommended that these audits be performed by the respon- 
sible control agency once during every enforcement source 
test. A source test for enforcement comprises a series of 
runs at one source. The performance audit of the analytical 
phase is subdivided into two steps: (1) a pretest audit which 
is optional and (2) an audit during the actual analysis of the 
field samples which is required. 
8.1.1 Pretest Audit of Analytical Phase Usinq Aqueous 

Ammonium Sulfate (Optional) - The pretest audit 
described in this subsection can be used to determine the 
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sulfate samples provided to the testing laboratory before the 
enforcement source test. Aqueous ammonium sulfate samples may 
be prepared by the procedure described in Section 3.7.5 on 
control sample preparation. 

The pretest audit provides the opportunity for the 
testing laboratory to check the accuracy of its analytical 
procedure. This audit is especially recommended for a 
laboratory with little or no experience with the Method 8 
analysis procedure described in this Handbook. 

The testing laboratory should provide the agency/organi- 
zation requesting the performance test with a notification of 
the intent to test 30 days prior to the enforcement Source 
test. The testing laboratory should request that the 
agency/organization provide the following performance pretest 
audit samples: two samples at a low concentration ( 5 0 0  to 
1000 mg S02/dscm of gas sampled or approximately 10 to 20 mg of 
ammonium sulfate/sample) and two samples at a high 
concentration (1500 to 2500 mg S02/dscm of gas sampled or 
about 30 to 50 mg. of ammonium sulfate/sample). At least LO 
days prior to the time of the enforcement source test, the 
agency/organization should provide the four audit samples. 
The concentration of the two low and the two high audit samples 
should not be identical. 

The testing laboratory will analyze one sample at the low 

their results to the agency/organization prior to the 
enforcement source test. (Note: The analyst performing this 
optional audit must be the same analyst audited during the 
field sample analysis described in Subsection 8.1.2 below). 

The agency/organization determines the percent accuracy, 
%A, between the measured SO2 concentration and the audit or 
known values of concentration. The y& is a measure of the 

I (.L' 
'\ I 
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bias of t h e  analytical phase of Method 8 .  Calculate using 
Equation 8-1. 

where 
C (M) = concentration measured by the lab analyst 

C (A) = audit or known concentration of the audit 

The recommended control limit for the pretest audit is the 

s02 mg/ml, and 

s02 sample, mg/ml. 

90th percentile value for y& based on the results of three 
audits (11/77, 5/78, and 10/78) performed by the Environmental 
Monitoring and Support Laboratory, USEPA, Research Triangle Park, 
North Carolina. 6 r  By definition, 90% of the laboratory partici- 
pants in the audit obtained values of less than the values 
tabulated below. The control limit is expected to be exceeded by 
10% of the laboratories to be audited, based on these three 
audits. The 90th percentile values and the known audit concen- 
trations are given below for each concentration range, 500 to 
1000 mg S02/dscm and 1500 to 2500 mg §O2/dscm. 

500 to 1000 mq S03/dscm 

Known audit 
concentration, 90th percentile for y&, 

Audit date mg §02/dscm 0 0 

5/78 686 4.1 
10/78 572 6.4 

1500 to 2500 mq S02/dscm 

Known audit 
concentration 

Audit date mg S02/dscm 
11/77 1411 
11/77 2593 
5/78 2479 
5/78 1907 
10/78 2555 
10/78 1754 

90th percentile for YJ, 
0 
0 

6.6 
4.0 
4.5 
4.5 
4.9 
5.2 
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Based on the results of these audits, the recommended 90th per- 
centile control limit for pretest audits is 7% for both con- 
centration ranges. 

If the results of the pretest audit exceed 7% the agency/ 
organization should provide the correct results to the testing 
laboratory. After taking any necessary corrective action, the 
testing laboratory should then analyze the two remaining samples 
and report the results immediately to the agency/organization 
before the enforcement source test analysis. 
8.1.2 Audit of Analytical Phase Using Aqueous Ammonium 

Sulfate (Required) - The agency should provide two 
audit samples to be analyzed along with the field samples from 
the enforcement source test. The purpose of this audit is to 
assess the data quality at the time of the analysis. The 
percent accuracy of the audit samples is determined using 
Equation 8-1. The results of the calculated y& should be 
included in the enforcement source test report as an 
assessment of accuracy of the analytical phase of Method 8 

during the actual enforcement source test. 
8.1.3 Audit of Data Processing - Calculation errors are 
prevalent in Method 8. Data-processing errors can be deter- 
mined by auditing the data recorded on the field and 
laboratory forms. The original and audit (check) calculation 
should agree within roundoff; if not, all of the remaining 
data should be checked. The data processing may also be 
audited by providing the testing laboratory with specific data 
sets (exactly as would occur in the field) and by requesting 
that the data calculation be completed and that the results be 
returned to the agency/organization. This audit is useful in 
checking both computer programs and manual methods of data 
processing. 
8.2 Systems Audit 

A systems audit is an on-site qualitative inspection and 
review of the total measurement system (sample collection, 
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sample analysis, data processing, etc.). Initially, a systems 
audit is recommended for each enforcement source test, defined 
here as a series of three runs at one source. After the test 
team gains experience with the method, the frequency of audit 
may be reduced-once for every four tests. 

The auditor should have extensive background experience 
in source sampling, specifically with the measurement system 
being audited. The functions of the auditor are summarized in 
the following: 

1. Inform the testing team of the results of pretest 
audits, specifying any area(s) that need special attention or 
improvement. 

2 .  Observe procedures and techniques of the field team 
during sample collection. 

3. Check/verify records of apparatus calibration checks 
and quality control used in the laboratory analysis of control 
samples from previous source tests, where applicable. 

4. Record the results of the audit and forward them 
with comments to the team management so that appropriate 
corrective action may be initiated. 
While on site, the auditor observes the source test team's 
overall performance including the following specific 
operations: 

1. Setting up and leak testing the sampling train. 
2. Preparing and adding the absorbing solution to the 

3. Checking for isokinetic sampling. 
4. Purging the sampling train. 

irnpingers. 

Figure 8.1 is a suggested checklist for the auditor. 
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Presampling Preparation 
Yes No Comment 

J 7. - -  

dk 8.  - -  

_ r L -  12. 

Knowledge of process conditions 

Calibration of pertinent equipment, in particular, 
the dry gas meter, prior to each 
field test 

On-site Measurements 

Leak-testing of sampling train after sample run 

Preparation and addition of absorbing solutions 
to impingers 

Isokinetic sampling 

Purging of the sampling train and rinsing of the 
impingers and connecting tubes to recover the 
sample . 

Recording of pertinent process condition during 
s amp le co 1 1 e c t ion 

Maintaining the probe at a given temperature 

Postsampling 
Control sample analysis - accuracy and precision 
Sample aliquotfing techniques 

Titration technique, particularly endpoint 
precision 

Use of detection blanks in correcting field 
sample results 

Calculation procedure/check 

Calibration checks 

Standard barium perchlorate solution 

General Comments 

$ p o b e  $ h m p  W&(;lg 7 c3Qs 
3 b d  j-d 

Q & w w  C G m ' b n U  

Figure  8.1 Method 8 check l i s t  t o  be used by auditors.  
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Table 8.1. ACTIVITY MATRIX FOR AUDITING PROCEDURE 

Audit Acceptance limits 

Analytical phase The measured value of 
of Method 8 the pretest audit sam- 
using aqueous ple should be less than 
ammonium sul- the 90th percentile 
fate value, 7% 

Data-processing The original and check 
errors calculations should 

agree within round-off 
error 

Systems audit-- Operation technique de- 
observance of scribed in this section 
technique of the Handbook 

Frequency and method 
of measurement 

Once during every en- 
forcement source test, 
measure reference sam- 
ples and compare with 
their true values 

Once during every en- 
forcement source test, 
perform independent 
calculations, start- 
ing with recorded 
data 

Once during every en- 
forcement test until 
experience gained; 
then every fourth 
test. Observation of 
technique, assisted 
by audit checklist, 
Fig. 8 . 1  

Action if 
requirements 
are not met 

Review oper- 
ating techni- 
que 

Check and 
correct all 
data for the 
source test 

Explain to 
team its 
deviations 
from recom- 
mended tech- 
niques, and 
note on 
Fig. 8.1 
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9.0 MCOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 
To achieve data of desired quality, two considerations 

are necessary: (1) the measurement process must be in a state 
of statistical control at the time of the measurement, and (2) 
the systematic errors, when combined with the random variation 
(errors of measurment), must result in a small uncertainty. 

To ensure good quality data, it is necessary to perform 
quality control checks and independent audits of the measure- 
ment process; to document these checks and audits by recording 
the results on quality control charts, as appropriate; and to 
use materials, instruments, and measurement procedures that 
can be traced to an appropriate standard of reference. 

Data must be routinely obtained by repeat measurements of 
control standard samples and working standards. The working 
calibration standards should be traceable to standards that 
are considered to be primary. TWO primary standards 
recommended for establishing traceability are: 

1. Dry gas meter should be calibrated against a wet 
test meter that has been verified by an independent liquid 
displacement meter, as described in Section 2.1.1. 

2. Barium perchlorate should be standardized against 
sulfuric acid that has already been standardized with primary 
grade potassium acid phthalate. Then standardized barium 
perchlorate should be validated with an aqueous ammonium 
sulfate to make the titrant solution traceable to two primary 
standard grade reagents. 
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10.0 REFEFUNCE METHOD" 

tiirutloii inelhod. 
1.1 Apylicnbillly. This mrthod Is appllcable fOr the 

&ternilue.tlou of sullwlc r i l l  nilst (Including mlhv 
trloxldr. and in the mlnrnco of ather pulleulale nialla) 
and rulfw dloilda cmijsloiu born sIailoiinry s u I c a .  
Cpllrborslive, ~CJIS have sliown (hat the nilillmum 
delectable limiuor Ihc rnrlhal a r e ~ . O S  milU 
meln (O.N>.lU-1 pounds4cublc fool) lor s%% 
md I.? niu'iii' (0.71 10-1 Ihlltl) for sullur diorlde. No 
ultper llniiu hare bean eflablishcd. U d  on 1hfOreIlc.l 
calculrcluiu for rn millililcrs of 3 percent hydrqen  
perorldr soluli.tn lhe upper caneanlnllon IimIL lor 
sulfur dioxide iii 1.U nil I353 ftl) g u  ulnph,Lt about 
I?m mglni' (7.7XIW' Ih'IV). ?he u p r  llmil rm ba 
eaiciidrd by Incwuing thequunlily ofp ru i id .  rolutiom 
In !ha i n m i t i v a n  ... -. . - ....I .. - -. 

Poslble inlrrfrritig ~ ( e n l r  01 Oils mrlhod y. l luaidg.  
fr*b ammonia. md cUmcthyl onlUnr. If MY of t h m  
lnlerferinp rhu are p n m t  (thlr CUI h drtennlnnl b y  
h o w l m l a e ~  tlm n m y l .  sltrnullva mrlhods. sub le t  

emiion 2 1.4. 
a I 1 Fllter 8oldw Booslllcat* I-. wllh a p l u  

MI mter support and a #Illcorn NhbU I U L C t .  Otbrr 
w k e t  numalr e g. Teflon 01 Vltnn may bc rurd iub- 
)scr (0 the ~ p p r h ' o f  the A d m l n l r h .  The holdrr 
deslgn sb.U provlde I p a l C l V 0  *.I U0ITi.S lab0 from 
tho oublde 01 oroiuld tha Llur. The nlW holder sNI 
k plarrd klween the Lmt and sscondImpltUm. N o m  
Do not hrst the 8 W r  holder. 

1.1.e Implngen-Four M #horn In ?I& bl. The 
b t  snd thlrd s N l  be ot lbe Orsenhurl-Srmth dnlrn 
r l t h  rbnderd tlp.  Thr snond and fourah rh.U be of 
(be Oreenbun Brnllh d d g n  mnllncd by re lwln the 
l r r t  wlth an approrlr~telj 13 mllllmrur 8 . S  I$ I D  

1- tube. haslna an ow~nrlrlclrrl (I lorrmd 13 nun 
f0 5 In ) horn the boIIom 01 (he flmk. &mllu cdlecllon 
mylbnu. rh l ch  hare bmm sppmv.6 by Lhe AdmlnC 
Lnm. m y  be a d .  

aJ.7 Mttedw aprtrm. BMI m netbod 8, &urn 

*40  CFR 60, J u l y  1 9 7 8  

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 8 rather than the method presented.
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LOCATION 

OPERATOR 
DATE 

RUN NO. 
SAMPL€ BOX NO. - 
METER BOX NO. 
METER AH@ 
C FACTOR 

5.36 Buthvlo Add Bundud (0.0100 N). P u n h u  or 
atnndudlic ta h 0 . W  N -1 0.0100 N 'N.011 that 
h u  PmVlMUly beon 8tMdWdlEad U d M t  plmuy 
slmdud pmurlum =Id p h t h d m .  
1. P r ~ t r d ~ m  

4.1 RrmpUly. 
4.1.1 Prrtcrt P n p u b t b n .  FoIlow the pmcsdum out. 

l l n d  In Method 1, sntlon 4.1.1; flltrn ehould k In. 
cprclrd but nmd not be dralculcd wl#hmI or Idenil- 
IM. ir  ihe rmueni gru F(UI bn conrldrd d y  ,'LO., mob 
iiue fm ths slllci url l i d  not lm wclRhFd 

4.1.2 hl lminar  Drirrrnlnniioru. Follow the pro- 
crdure outllned Iri 6cthod 5 Erctlon 4 1.2 

4.l.a Ptvp.ntton ol Collcftlon Train. Follow the pro- 
crdum outllnrd In Slrthod 5. SPrllnn 4.1 3 (crcrpt for 
!he veond p a r y p h  and othrr oboioudy insp Ircrble 
puts) and ua@ lWr &I lnrlrd of Fiture 5-1. f l rp l re  
the ssond prraarrph rl lh:  Place 100 ml o l  Iy) percent 
lropmpanol in the flnt Impin#cr 100 ml of 3 
hydrourn proxlde In both the k o n d  and thk%! 

Irulen; rsWn s ponton of s r h  w e n t  (or uae u 6 lrnklalulon. Plvrrboutm[oflllh~elIntbafmrtb 
~ I I I D ~ l l I ~ r .  

BAROMETRIC PRESSURE 
ASSUMED MOISTURE,% 

PROBE LENGTH, m (16 
NOZZLE IOEN'TIFICATION NO. 
AVERAGE CALIBRATED NOZZLE DIAMETER, un(inJ- 
PROBE HEATER SETTING - 
LEAK RATE, m3/min,(cfm) 
PROBE LINER MATERIAL 

PRESSURE 
OIFFEREMTIAL. 

HEAD ACROSS GAS SAMPLE TEMPERATURE 
STACK ORIFICE AT DRY GASMLTER 

* 

TEMPERATURE 
OF GAS 

LEAVING 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 8 rather than the method presented.
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Notr.--If molstum content Ir ta be detMnlned hy 
lmylngcr andyds welgh e r h  of the W thrm Implnicn 
( Iw abwnblng dlutlon) to the n m 8 t  0.5 g and record 
ties8 wclghtc The welght of the elllca el (or slllca gel 
plw contslno;) must Jso be d e t e r n o d  to the neuwt 
0.5 g M d  recorded. 

4.1.4 Pretest Ltak-Check Prwedurs. Follow the 
bMk proeedute outllned In Method 5, Bectlon 4.1.1.1, 
noting that the probe heater shall be bdlusred to  the 
minlmum tern ture requlred to pnvent eonden= 
tlon Md dso t K v e r b a g e  such IU ' p l u d n  the p the liltel holder * '.'I i h d  bs replnce% by. 

the inlet to the ht Impinge? ' '.'I 
The mp2!3 *heck Is optloarl. 

4.15 Traln Oprntlon. Follow the b.sk pmesdures 
outllned in Methcd 5 Sectlon 4 1 5 In conJunctton wlrh 
tho ~ O I I O ~  s p c ~  k c r l o n i . ' d a t a  ahdl be recorded 
OD a rhmt rlmllu to the one In RNPI 0-2. Tbo rmp-  
fa& ahJ1 not e m a d  0.090 m4lmln (1.0 cfm) dur lw the 
fun P e r l o d l d b  durlng the tent obarvr t b  mnnscrln 
I ln ibe t rmn the probe Md fu& Implnger for rl ini  of 
mdenMt1on. XI I t  doe# OOCW, dlus( the probe h u l a  
%ttln# upward to the mlnlmum tempMtum rcqulrd 
to prevent condansttlon. If corn nent chBngw become 
n a c a y v  durlng a run, b lesk-c%ck shJl be done Im- 
medhts y hobre each change. seeordltu to the promdun 
outllned In tketlon 4.1.4.2 ofbfctbod 5 (with appropri& 
modlfleatlonr; ba mentloned In Bectlon 4.1.4 of thb 
method); record all leak ntm If the leakage nte(r) 
excud the specitled rate. the tedt4r ihall elther Told tho 
NII or shall p h  to correct the mmpk volume w out- 
Ilned In Secllon 0.3 of Method 5. Immediately sfw come 
ponent changw. le.l.ehecks m optlonal. If them 
Ieskehecks M done. the procedurs outllned In Sectlon 
4.1.4.1 of Method 5 (With approprLte raodl6~~t l00d  
ahdl be d. 

_---- 
g t i - & z e ; a - h ,  sp&iatd -&pteble iats the 
tenter shdl either comet tho mm le vo~ume w outilned 
in Sectlon e 3 01 Method 5 or sh& vold the hn. 

Dnln  thilce bath and,'wlth the probe dlsconnrtad. 
purge the remdnln psrt 01 the train by drswlng clean 
smblent sir thug% the systsm for '15 mlnutsr at the 
average Bow nb used for sunpllng. 

NOTC.-C~M ambient Jr can be proddad h pmddw 
8lr through a c h a r d  filter. At the optlon ofthe tensr, 
uablent d r  (wlthout clemlng) m y  be rued. 

4.1.6 CJcutaUon of Percent IsoUnsclc. Follow the 
pmeadurs outllned In Method 5. k t l o n  4.1.6. 

43.1 Containsr No. 1. XI a molstum mntant analyda 

theneuas tO.~dmdnmrd thlrwelrht~ e 
Tmufer the contsnta of the tlrar lmplnser to a WJml 

muted cyllndsr. R l w  the prohe. Arsr Implngar, d) 
connecting L.ssam Mom the dltsl M d  the lmnt h.U 
of the filter%older wlth a O y t  dpropsnol. Add the 
rhw splutlon to the cylh  er Dlluta to 250 ml with 80 
p w n t  b o p m p ~ o l .  Add the Alter to the ralutlon mlr 
MdvpnslsrtO thsstorgacontalner. Protect tbesoiutio01; 
r(dnat enpontlon. u k  the Level of llquld on het 
contalnersndldentl thesunplecontalner 
433 Container k. a. II a rnoNure codtent e n s ~ y b  

b to tm done. w&h the -d and thlrd Im l n g m  
(plum oontantd) to the nbMst 0-5 g M d  recod thes, 

plurlmplnger) tothe nerrsrtO.5 g. 
Trwfar the SoluKOnr from the mwnd and thlrd 

h D ~ m  to 1Wd Il.ted cyllnder Rinse d l  
o0cureotln g-am C l n c E n  back hslfol hter holder) 
betwean t%e lllter and slllcm gaflrnplnger with delonlrd. 
dldllled nbr ,  and bdd thYr rinm rJsr to tha llndm 
Dlluta to a volume of 1Ma ml wlth ddonlrsd,%tUId 
wUar. TrsMfer the splutlon to a stowe contaloer. Muk 
tho level of llguld on tho cont.lner. Seal M d  lde.nrlfy the 
r m ~ l e  eontalner. 

4 a  B S ~ P ~ S  ~bcovery. 

11 to be done Welgb tho fh'& hlpinfsr plOr Ooabntd to 

wekhb. A h .  W d p h  the grant 8 U S  gel (Or duCa gel 

41.1 Contalnar No. 1.8hakr the conblner holdlog 
tho Lsommnol solutlon M d  the Wer .  If the fllW 
b m k r u p , d l o r  the frumenuto s t t b  foralsw rnlnuta 
blon remorlnr a mrnpls. Pipem a l m m l  Jlquot of 
thb rolutlon Into s ZSml Erlenmeyu M add 2 to 4 
drop# of thorln Indlntor a d  tltmtm to a p& endpolnt 
d u l r u  O.O!W N b d u m  &hlorw. Remat the tltratlon 

uamg 0.0100 N M u m  prchlcnte.  Rep& the(1tnuon 
wltb a ncwnd Jlquot o ample  and bv e the tlW8tlon 
~ U M .  Repllcstd tftmtlom must ynaa?!thln 1 WeMt 
ff 0.2 ml whlchevsr Is nubr 

43a hanks.  P r e w  blank6 by adding 2 to 4 dmP 
of tborln l n d h t o r  to 100 ml of 80 parosnt isopmpaaol. 
TI- the b l m b  In the m e  mumere4 the m P I M s .  

Equation .%I 

Equation 9-2 

U.B. DHEW, PHB, DlriUon of 

2 Corbtt P F The DetannbUon of 80; and 801 
? l w  O d .  JbutiuIoftbr Inrgtute of P W L  r6237-2hl. 

OOeAp-ia. CI~JIUU. OMO. iw. 

1961. 
a Mutin Robsr(M C~t ionDatAl l so f laok lne tk  

So& Sm'pUng E ui m o t .  EnrlrcnmeaUpl Prouctlon 
Agency Rarsareh%&gle Puk N C Air PoUutlon conrroiomm PubUutlon NO. n~'~TD'-absi. ~ p d ,  1071. 

4. Patton. W. F. m d  J. A. Brlnh. Jr. New Eqnl ment 
md Tschnlquea for 8.m lhg Chsmlai P- b-. 
JoumrlofNr Pollution &ntrulAawc.btlonn.15:102. 1W. 
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In Method 8 of Appendix A, Section# 
1.2, 2.32. 4.1.4, 4.2& 4.3.2;6.1. and 6.7.1 
are amended 88 follows: 

I. In Section 1.2, the phraae “Wk. 
EPA,” la fnserted ln the fifth line of 
the aecond psregraph between the 
words “Admlnistrstor.’l and “are.” 
Also, delete the third paragraph and 
insert the following: 

c 

Nlkrablt particulate matter may be de 

the OPprOval of the Administrator) by h- 
8 heated slpss flber fllter betwea! 

the probe and isO~ro~anol implnger (a6e 
8ectlon 1.1 of Method 6). 11 thh optfon L 
chosen, partlculote anslyslr Is gravimetrk 
only: &SO. add  mlst Is not determined sep 
U 8 k l Y C  

termin& & I O U  Wlth 801 a d  801 (Subject to 

1 2. In Section 2.3.2, the word “Bur- I 
rette” I8 corrected to read “Burette.” 

3. In Sectlon 4.1.4. the stars ‘‘* *’’ 
are corrected to read as periods “. . .”. 

4. In Section 4.2.1, the word “het” on 
the eighth line Of the second p m - _  
graph is corrected to read ‘:the.” 

5. In Section 4.3.2, the number “40” 
is inserted in the fourth line between 
the words-“Add” and “ml.” 

6. In Section 6.1. Nomenclature. the 
foI1owing are corrected to read as 
shown wlth sub&ripts “ C d d ,  C d ,  

7. 41 Section 6.7.1. Equation 8-4 le 

Pr, PM, T*a, VSbd. and V&” 

corrected ta read 8s follows: 

(Btce. 111. 114. 301ta). Clean Alr Act as 
amended (42 U.S.C. 7411.7414.7601).) 

CFR DOC. 78-7688 Flled 3-22-78; 8~46 Unl 

*Federal Regis te r ,  Vol. 4 3 ,  N o .  57-March 23, 1978 
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12.0 DATA FORMS 
Blank data forms are provided on the following pages for 

the convenience of the Handbook user. Each blank form has the 
customary descriptive title centered at the top of the page. 
However, the section-page documentation in the top right-hand 
corner of each page of other sections has been regloaced with a 
number in the lower right-hand corner that will enable the 
user to identify and refer to a similar filled-in form in a 
text section. For example, Form M8-1.2 indicates that the 
form is Figure 1.2 in Section 3.7.1 of the Method 8 Handbook. 
Future revisions of these forms, if any, can be documented by 
1.2A, 1.2B, etc. Sixteen of the blank forms listed below are 
included in this section. Five are in the Method Highlights 
subsection as shown by the MH following the form number. 

Form 

1.2 
2.3A and 

2.4A and 

2.5 ( M H )  

2.6 

3.1 ( M H )  
4.1 
4.2 
4.3 
4.4 (MH) 
5.1 ( M H )  
5.2 
5.3 
5.4 ( M H )  

Title 

Procurement Log 
2.3B Meter Box Calibration Data and Calculation 

Form (English and metric units) 
2.4B Posttest Meter Calibration Data Form 

(English and metric units) 
Pretest Sampling Checks 
Nozzle Calibration Form 
Pretest Preparations 
Method 8 Field Data Form 
Sample Label 
Sample Recovery and Integrity Data 
On-Site Measurements 
Posttest Sampling Checks 
Method 8 Analytical Data Form 
Control Sample Analytical Data Form 
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METER BOX-CALIBRATION DATA AND CALCULATION FORM 
(English u n i t s )  

Date Meter box number I 

Barometri 

Orif ice 
manometer 
setting 
(Am 3 

in. H20 

0.5 

1.0 

1.5 

2.0 

3.0 

4.0 

__I 

10 

10 

10 

Average 

2 

a If there is only one thermometer on the dry gas meter, record the temperature 
under td . 

Q u a l i t y  Assurance Handbook M8-2.3A (front s i d e )  



METER BOX CALIBRATION DATA AND CALCULATION FORM 

Nomenclature: 

Gas volume passing through the wet teat meter, ft 3 . 
.. 

Gas volume passing through the dry test meter, ft'. 

Temperature of the gas in the wet test meter, 0 F. 

0 Temperature of the inlet gas of the dry test meter, F. 

0 Temperature of the outlet gas of the dry test meter, F. 

AveraEe temperature of the gas in the dry test meter, obtained by the average t and 
td 9 F- di 
- 
0 

Pressure differential acros~ orifice, in. H20- 

Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Yi = 
Y 5.02 Y. 

Average ratio of accuracy of wet test meter to dry test meter for all six runs. 
Tolerance Y = P s.01 Y. 

Orifice pressure differential at each f l o w  rate that gives 0.75 ft / m i n  of air at standard 
conditions for each calibration run, In. H20. 

Average orifice pressure differential that gives 0.75 ft /min of air at standard 
conditions for all six runs, in. H20. 

Time for each calibration run, min- 

3 

Tolerance = AH@ M.15 (recommended). - 
3 

Tolerance = 1.84 5.25 (recommended). 

Barometric pressure, in. Hg. 

. Quality Assurance Handbook M8-2.3A (back side) 



METER BOX CALIBFtATION DATA AND CALCULATION FORM 
(metric u n i t s )  

25 

40 

50 

75 

100 

-. 

0*15 

0*30 
--- - 

0.30 

0630 

0.30 

2 

a If there is only one thermometer on the dry gas meter, record it under td. 

Quality Assurance Handbook M8-2.3B ( f r o n t  side) 



METER BOX CALIBRATION DATA AND CALCULATION FORM 

Nomenclature: 
Vw = Gas volume passing through the wet tes t  meter, m 3 . 
Vd = Gas volume passing through the dry tes t  meter, m 3 . 
tw = Temperature of the gas i n  the wet tes t  meter, "C. 

tdi = Temperature of the inlet  gas o f  the dry test  meter, "C. 

tdo = Temperature of the outlet gas of .the dry tes t  meter, "C. 

temperature of the gas i n  the dry test meter, obtained by the average of t d  and 
. i  

0 = Time of calibration r u n ,  min. 
AH = Pressure differential across orifice, mn H20. 
Y j  = Ratio of accuracy of wet test  meter t o  dry test  meter for each run. Tolerance Y i  = 

Y = Average ratio o f  accuracy of wet test  meter to  dry tes t  meter for a l l  six runs. 
Y 50.02 Y .  

Tolerance Y = Y 20.01 Y .  

calibration run, nun H20. 

for al.1 s i x  runs ,  mm H20. 

uoi = Orifice pressure differential t h a t  gives 0.021 m 3 of a i r  a t  standard conditions for each 
Tolerance AH@ j = AH@ 23.8 mn H20 (recomnended). 

AH@ = Average orifice pressure differential t h a t  gives 0.021 m3 o f  a i r  a t  standard conditions 
Tolerance A H @  = 4 6 . 7 4  + 6 . 3  mm H2U (recommended). - 

P,, = Barometric pressure, mn Hg. 

Q u a l i t y  Assurance Handbook M8-2.3B (back side) 



POSTTEST METER CALIBRATION DATA FORM (English units) 

Test numbers 

Date Meter box number Plant 

Pretest Y 

1 Yi= 

vw Pb (td + 460) 
vd Pb + & (tw + 460) yi 

13.6 

If there is only a 

where 
Vw = Gas volume 
Vd = Gas volume 

Y= 

one therometer on the dry gas meter, record the temperature under td. 

3 

3 
passing through the wet test meter, ft . 
passing through the dry test meter, ft . 

0 tw = Temperature of the gas in the wet test meter, F. 
0 tdi = Temperature of the inlet gas of the dry test meter, F. 
0 td = Temperature of the outlet gas of the dry test meter, F. 

0 0 
td = Average temperature of the gas in the dry test meter, obtained by the average of t d, and td n , P. 

A H =  
- Yi - 

Pb = 

Y =  

R =  

I " Pressure differential across orifice, in H20. 

Ratio of accuracy of wet test meter to dry test meter for each run. 
Average ratio of accuracy of wet test meter to dry test meter for all three runs. 
Tolerance = Pretest Y +0.05Y 
Barometric pressure, in. Hg. 

Time of calibration run, min. 
Quality Assurance Handbook M8-2.4A 

, 



POSTTEST METER CALIBRATION DATA FORM (metric units) 

Orifice 
manometer 
setting , 

(AH) 9 

m m H O  2 

Y =  i Temperature 
Gas volume Gas volume 
wet test dry gas Wet test Dry gas meter 

vw pb (td + 273) meter meter meter Inlet Outlet Averagg Vacuum 
(V,) 3 9 Ctw>, (t 1, (td 1, (td)9 Time setting, Yi (q vd Pb += (tw + 27-21 

min mm Hg 13.6 C 0 0 

C 0 
di 
C C 0 

3 3 0 m m 

--.. 

a 

where 
d' If there is only one theromerer on the dry gas meter, record the temperature under t 

Vw = Gas volume passing through the wet test meter, m 3 . 
Vd = Gas volume passing through the dry test meter, m 3 . 
tw = Temperature of the gas in the wet test meter, 0 C. 

td = Temperature of the inlet gas of the dry test meter, 0 C. i 
td = 

0 - 
td - 
AH = 

Yi = 

Pb = 

Y =  

0 -  

0 Temperature of the outlet gas of the dry  test meter, C. 

Average temperature of the gas in the dry test meter, obtained by the average of t and td , 0 C. 
Pressure differential across orifice, mm H20. di 0 

Ratio of accuracy of wet test meter to dry test meter for each run. 
Average ratio of accuracy of wet test meter to dry test meter for all three runs. 
Tolerance = Pretest Y +O.O5Y 

Barometric pressure, mm Hg. 
Time of calibration run, min, 

- 

Quality Assurance Handbook M8-2.4B 



NOZZLE CALIBRATION 

- D a t e  C a l i b r a t e d  by 

N o z z l e  

number 
i d e n t i f i c a t i o r  Dl 1 mm, ( i n . )  D2 mm, ( i n . )  D3, mm, (in.) 

A D ,  
mm, (in.) 

where : 

Dl1 2 l  3 ,  = nozzle diameter  measured on a d i f f e r e n t  d iameter ,  mm ( i n . ) .  
Tolerance = measure w i t h i n  0 . 2 5  mm ( 0 . 0 0 1  in.). 

AD = maximum d i f f e r e n c e  i n  any t w o  measurements, mm ( i n .  . 
Tolerance = 0 . 1  mm (0.004 in.). 

avg = average of Dl1 D21 D3' 
D 

Q u a l i t y  Assurance Handbook M8-2.6 



METHOD 8 FIELD TFST DATA FORM 

Plant Probe length Sheet - of 
Location Probe liner material Nozzle identification number 
Opera tor Probe heater setting Nozzle diameter 
Date Ambient temperature Final leak rate 
Run number Barometric pressure Vacuum during leak check 
Sample box number Assumed moisture Remarks : 
Meter box number Static pressure 
Meter AH@ C factor 
Meter calibration Y Reference AP 
Pitot tube CP Maximum AH 

Traverse point 
number 

- 
Total or 

A v a  

Sampling Velocity 
time Clock Vacuum, Stack head 
( O ) ,  time mtn Hg temperature (AP 1 I 
min 24 h (in. Hg) ItUn HsO 

(in. it20) 

I I 1 I 
~ 

I I I I 
I I I I 
I I I I 

T I 1 I 

~~ 

I I I 

Pressure 
9i f f erential 

across 
orif ice 
meter, Gas sampl 

I 

Gas sample tempetatun 
at dry gas meter 

I 

Temperature 
of gas 
leaving 

condenser or 
la@ %pinger, 

C ( F) 

!uality Assurance Handbook M8-4.1 



SAMPLE LABEL 

Plant City  
S i t e  Sample type 
D a t e  Run number 
Front r i n s e  0 Front f i l ter  0 Front S O l U t i O n u  

Back r i n s e 0  Back f i l t e r 0  Back s o l u t i o n 0  
v) 
A! 

Solut ion Level marked 0 
Volume: I n i t i a l  F inal  
Cleanup by k! 

2 

Q u a l i t y  Assurance Handbook M6-4.2 



SAMPLE RECOVERY AND INTEGRITY DATA 

Sample 
Sample identification 
number number 

*2"4 s02 
1 
2 
3 
Blanks 

Plant Sample location 

Date Liquid Stored 
of level in locked 

recovery marked container 

Field Data Checks 

Sample Date Liquid 
Sample identification of at marked 
number number analysis level 

H2S04 s02 

1 
2 
3 

Blanks 

-- 

Sample 
identified 

Signature of field sample trustee 

Laboratory Data Checks 

Signature of lab sample trustee 

Quality Assurance Handbook M8-4 



METHOD 8 ANALYTICAL DATA FORM 

Plant Date 

Sample location Analysl t 

Volume and normality of 
barium perchlorate 

1. r n l  Ba(C104)2 
2. ml Ba(C10412 N =  

.~ 

Blank m l  Ba(C10412 

Sulfur Trioxide Analysis 

- Total volume of solution in which the 
sulfuric acid sample is contained, ml 'soln 

Va - Volume of sample aliquot, ml 
Vt - Volume of barium perchlorate l e t  titration 

2nd titration 

1st titration 
vtb* titrant used for blank, m l  2nd titration 

Average 

titrant used for sample, m l  

- Volume of barium perchlorate 
Average 

= 0.99 to 1.01 or 1 let titration - 2nd titrationl 5 0.2 m l  
1st titration 
2nd titration 

Sulfur Dioxide Analysis 

- Total volume of solution in which the 
sulfur dioxide sample is contained, m l  'soln 

Va - Volume of sample aliquot, ml 
Vt - Volume of barium perchlorate 1st titration 

2nd titration 
Average 

v * - Volume of barium perchlorate let titration 
tb titrant used for blank, m l  2nd titration 

Average 

titrant used for sample, ml 

Ist titration = 0.99 to 1.01 or 2nd titration 1st titration - 2nd titration! 2 0.2 m l  

Signature of analyst 

Signature of reviewer or supervisor 

* 
Volume of blank and sample titrated should be the same; otherwise a 
volume correction must be made. 

Quality Assurance Handbook M8-5.2 



CONTROL SAMPLE ANALYTICAL DATA FORM 

Plant Date analyzed 

NBa ( C104 ), Analyst 

Weight of ammonium sulfate is 1.3214 gram? 

Dissolved in 2 f! of distilled water? 

Titration of blank rn l  Ba(C10 ) 
(must be less than the 0.5 ml titrin?) 

Control 
Sample 
Number 

Time of 
Analysis 
24 h 3rd 

, ml 
A v e  . - 

(Two consecutive volumes must agree within 0.2 ml) 

25 ml X 0.01N 
(control sample) (control sample) 

- - 
m1 Ba(C104)2 NBa(C104), 

ml x N =  

(must agree within +%, i.e., 0.233 to 0.268) 

Does value agree? yes - no 

Signature of analyst 

Signature of reviewer 

Quality Assurance Handbook M8-5.3 



Sulfuric Acid Mist (Including SO3) Calculation Form 
(English units) 

Sample Volume 

Equation 6-1 

- - ft3 - - - -  I ['.a= + (AH/13.6) 
= 17.64 Vm Y 

std Tm vm 

Sulfuric Acid Mist (Including SO3) Concentrations 

Equation 6-2 

Quality Assurance Handbook M8-6.1A 



Sulfuric Acid Mist (Including SO3) Calculation Form 
(metric units) 

Sample Volume 

Equation 6-1 

3 rn - - - - - -  I =  -t (AH/13.6) 
'rn s t d  = 17.64 Vm Y Fbar T, 

Sulfuric Acid Mist (Including SO3) Concentrations 

Equation 6-2 

'H~SO~ = 0.04904 

N(Vt - 'tb) ( 'soln 

g/dscm 
m e - - -  J= * 

"a 

%td 

Quality Assurance Handbook M8-6.1B 



Sulfur Dioxide Calculation Form 
(English units) 

Sample Volume 

Equation 6-1 

+ (AH/13.6) 
= 17.64 Vm Y rbar T, ft3 

s td 'm 

Sulfuric Acid Mist (Including SO3) Concentrations 

Equation 6-2 

Quality Assurance Handbook M8-6.2A 
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Sulfur Dioxide Calculation Form 
(metric units) 

Sample Volume 

Equation 6-1 

3 m - - *  
- - - I  I [.bar + (AH/13.6) 

= 0.3858 Vm Y 
vmstd 

SO2 Concentration 

Equation 6-2 

C = 3.203 x 1"' - - g/dscm 'a - - - -  
Vsoln 'I - 'tb) ( 

s02 '"s td 

Quality Assurance Handbood M8-6.2B. 



METHOD 8 CHECKLIST TO BE USED BY AUDITORS 

Presampling Preparation 
Yes No Comment 

-- 1. Knowledge of process conditions 

-- 2 .  Calibration of pertinent equipment, in particular, 
the dry gas meter, prior to each 
field test 

On-site Measurements 

-- 3. Leak-testing of sampling train after sample run 

-- 4. Preparation and addition of absorbing solutions 
to impingers 

5 .  Isokinetic sampling -- 
-- 6. Purging of the sampling train and rinsing of the 

impingers and connecting tubes to recover the 
sample 

-- 7. Recording of pertinent process condition during 
sample collection 

-- 8. Maintaining the probe at a given temperature 

Postsampling 

-- 9. Control sample analysis - accuracy and precision 
-- 10. Sample aliquotting techniques 

- -- 11. Titration technique, particularly endpoint 
precision 

12. , Use of detection blanks in correcting field - _ _ .  

sample results 

-- 13. Calculation procedure/check 

14. Calibration checks 
_ I c _  

-- 15. Standard barium perchlorate solution 

General Comments 

Q u a l i t y  Assurance Handbook M8-8.1 
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